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The impact of health problems on educational careers attracts 
multidisciplinary attention, but the overall significance of different types of 
adolescent health problems for educational stratification is still poorly 
understood. 
This study used longitudinal register data to estimate whether different 
types of somatic conditions and mental disorders at ages 10–16 predict the 
non-completion of upper-secondary and tertiary education as well as track 
choice in upper-secondary education. Impaired school performance was 
analyzed as a potential mechanism explaining health-related differences in 
upper-secondary outcomes, whereas upper-secondary track choice was 
hypothesized to explain differences in attaining tertiary education. Finally, the 
connection between parental education and health-related selection was 
examined from two perspectives: parental education as a moderator of the 
impact of health problems and early health as a mediator of the 
intergenerational transmission of education. 
The data set used in the study covered Finnish children born in 1986–1995 
and living in mainland Finland at the end of 2000. Health problems were 
measured based on visits to inpatient and outpatient care and medication 
reimbursements. The longest follow-up of educational attainment extended 
until age 27. In addition to regression models adjusted for several 
sociodemographic confounders, the study used population-attributable 
fractions to evaluate the population-level contribution of health problems, g-
computation to conduct mediation decompositions, and sibling fixed-effects 
models to adjust for all factors shared within biological sibships. 
Adolescents with health problems were less likely to complete upper-
secondary education, more likely to choose the vocational track instead of the 
general track, and less likely to complete tertiary education even if they had 
previously completed upper-secondary education. One-fifth of dropout from 
upper-secondary education was attributable to early-adolescent health 
problems. Impaired school performance mediated a third of the differences in 
upper-secondary non-completion and half of the differences in track choice. 
Regardless of the studied educational outcome, mental disorders showed the 
strongest associations, less than half of which were explained by confounders 
shared within sibships. Only certain types of somatic conditions (e.g., epilepsy, 
heart disease, and spinal disease) predicted impaired educational outcomes, 
whereas mental disorders showed robust associations throughout their 
spectrum. High parental education protected against the impact of mental 
disorders on upper-secondary completion, and health problems explained up 
to 10% of the differences in upper-secondary education according to parental 
education. 
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The results imply that severe health problems in early adolescence have a 
lasting impact on educational careers, entrenched in the transition to upper-
secondary education. Impaired school performance contributes significantly 
to these associations, but adolescents with health problems also make 
educational decisions that ultimately lead to lower education. Nonetheless, 
adolescent health problems explain only a small part of the intergenerational 





Tässä väitöskirjassa tutkitaan, ennustavatko 10–16-vuotiaana esiintyvät 
somaattiset sairaudet ja mielenterveysongelmat vähäisempää toisen asteen ja 
korkea-asteen koulutuksen suorittamista. Lisäksi analysoidaan, heijastuvatko 
erot varhaisnuoruuden terveydentilassa valintaan lukion ja ammatillisen 
koulutuksen välillä. Yhteyksiä tarkastellaan erikseen vanhempien 
koulutuksen mukaan, ja nuoruusiän terveydentilaa käsitellään myös 
mahdollisena koulutuksen ylisukupolvisuutta selittävänä tekijänä. 
Tutkimuksessa käytetty rekisteriaineisto muodosti edustavan otoksen 
lapsista, jotka ovat syntyneet vuosina 1986–1995 ja asuneet Manner-
Suomessa vuoden 2000 lopussa. Terveysongelmia mitattiin 
erikoissairaanhoidon käyntien sekä lääkekorvausten perusteella. 
Pisimmillään koulutustason seuranta jatkui 27-vuotiaaksi. 
Analyysimenetelminä käytettiin regressioanalyyseja, väestösyyosuuksien 
laskemista ja kontrafaktuaalista mediaatioanalyysia. Perhetaustan roolia 
yhteyksien selittäjänä arvioitiin analysoimalla biologisia sisaruskuntia, joissa 
vain osa sisaruksista oli kokenut terveysongelmia. 
Terveysongelmia kokeneet nuoret suorittivat harvemmin toisen asteen 
koulutuksen ja valitsivat todennäköisemmin ammatillisen koulutuksen lukion 
sijaan. He myös saavuttivat harvemmin korkea-asteen koulutuksen, vaikka 
olisivat aiemmin suorittaneet toisen asteen koulutuksen. Kaiken kaikkiaan 
terveysongelmien syyosuus kattoi noin viidenneksen toisen asteen 
koulutuksen keskeyttämisestä. Heikentynyt perusasteen koulumenestys selitti 
noin kolmanneksen terveydentilan mukaisista eroista toisen asteen 
koulutuksen suorittamisessa ja noin puolet linjavalinnassa havaituista eroista. 
Vain tietyntyyppiset fyysiset sairaudet (mm. epilepsia, sydänsairaudet ja 
selkäsairaudet) olivat yhteydessä matalampaan koulutukseen, kun taas 
mielenterveysongelmat ennakoivat kauttaaltaan lyhyemmäksi jäävää 
koulutusuraa. Samassa perheessä kasvaneista sisaruksista keskimäärin 
lyhimmän koulutuksen suorittivat ne, joilla oli ollut mielenterveysongelmia, 
mutta vanhempien korkea koulutustaso suojasi toisen asteen 
keskeyttämiseltä. Yhteensä erityyppiset terveysongelmat selittivät noin 
kymmenesosan vanhempien koulutuksen mukaisista eroista toisen asteen 
suorittamisessa. 
Väitöskirja osoittaa, että varhaisnuoruudessa ilmenevät 
mielenterveysongelmat ja tietyt fyysiset sairaudet voivat jättää pysyvän jäljen 
koulutusuraan. Osa terveyden mukaisista eroista koulutustasossa selittyy 
heikentyneellä koulumenestyksellä, mutta terveysongelmat ennakoivat 
matalammaksi jäävää koulutustasoa koulumenestyksestä riippumatta. Vaikka 
terveysongelmat ovat vahvasti yhteydessä koulutukseen, ne selittävät vain 
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During the latter half of the 20th century, average educational attainment 
increased drastically in Finland and other developed countries (Schofer and 
Meyer 2005). While this unprecedented shift in access to education—
commonly referred to as educational expansion—has been occasionally seen 
to drive degree inflation (Campbell 2009), highly educated individuals have 
retained their advantaged position in terms of lower unemployment risk, 
higher earnings, longer life expectancy, a greater autonomy at work, and a 
better quality of life (Cairó and Cajner 2018; Edgerton, Roberts, and von Below 
2011; Elo 2009; Psacharopoulos and Patrinos 2018). Although education 
operates to some extent as a signal of abilities and skills unrelated to the 
education in itself, vast evidence highlights education as one of the central 
shapers of individual life chances and connects school leaving early with 
increased welfare dependency (Hout 2012). In fact, it is conceivable that the 
significance of higher education has only increased with the ongoing 
developments in workplace automation and offshoring, hitting the hardest in 
sectors employing many low- and medium-skilled workers (Arntz, Gregory, 
and Zierahn 2016; Becker, Ekholm, and Muendler 2013). 
When it comes to educational trajectories, there is hardly a more influential 
period of life than adolescence covering the age range of 10–19 years. With the 
end of compulsory schooling, individuals are required to make far-reaching 
educational decisions and may in some cases even terminate their education 
for good (Dahl et al. 2018). Given that all of this happens in parallel with the 
most intensive physical and neurological development since infancy, life 
course theoreticians have increasingly begun to identify adolescence—
especially early adolescence involving the start of puberty—as a sensitive 
period paving the way to advantage and disadvantage experienced in 
adulthood (Johnson, Crosnoe, and Elder Jr. 2011). With so much at stake, any 
additional hardships and disruptions experienced in adolescence could cause 
particular harm. 
During the past two decades, there has been a surge of interest in the role 
of health problems as potential disturbers of educational careers—an idea 
often referred to as health-related selection to education or simply health 
selection. In this context, it has become almost a truism to notice that while 
the influence of education on health has received much scientific attention, the 
impact of health on education is both understudied and poorly recognized 
(Hale, Bevilacqua, and Viner 2015; Suhrcke and de Paz Nieves 2011). At the 
same time, a host of systematic reviews demonstrates that the shortage of 
evidence pertains to quality rather than quantity. There is a lot of empirical 
research observing health–schooling associations, but most of it is hampered 
by retrospective or cross-sectional data, limited health indicators, short 
follow-ups of educational outcomes, and poor control for confounding (Esch 
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et al. 2014; Hale et al. 2015; Melkevik et al. 2016; Suhrcke and de Paz Nieves 
2011). From a theoretical point of view, it would be useful to connect health 
selection research more closely to the mainstream sociological discussion on 
educational stratification and intergenerational inequality. 
The main objective of this study is to provide a more complete picture of 
health-related selection to education than has been previously available. 
Whereas previous studies have predominantly focused on self-rated health 
and self-reported health conditions (Suhrcke and de Paz Nieves 2011), the 
present investigation uses register data on medical diagnoses and medication 
reimbursements to produce comparable evidence on the educational 
consequences of early-adolescent somatic conditions, mental disorders, and 
injuries. The associations are examined based on both broad groups of health 
conditions and specific health conditions. Moreover, by using register-based 
longitudinal data the study is able to assess selection taking place at different 
levels of education ranging from school performance at the end of compulsory 
schooling and upper-secondary school dropout to track choice in upper-
secondary education and the completion of tertiary education. Instead of 
estimating only bivariate associations, the study sheds light on the path-
dependent nature of selection by treating school performance as a mediator of 
health-related selection to upper-secondary education and upper-secondary 
track choice as a factor explaining selection to tertiary education. Finally, the 
study produces novel evidence on the connections between social origin and 
health selection by examining whether parental education moderates the 
association between health problems and education and whether health 
problems mediated the intergenerational transmission of educational 
attainment. 
The dissertation comprises three articles published in international peer-
reviewed journals. The present summary article highlights the connections 
between the individual studies, both theoretically and empirically, and 
includes background material that could not be fitted within the strict word 
limits of academic journals. Before starting, it is good to mention a few things 
regarding terminology. Both the summary and the individual articles use 
“health problems” and “health conditions” as interchangeable umbrella terms 
that capture all aspects of poor health in childhood and adolescence. However, 
they are considered to refer to realized states of health rather than health 
behaviors that could cause poor health in the long run, such as smoking or low 
physical activity. Although the idea that health behaviors and school 
performance go hand in hand carries a lot of significance, the role of health 
behaviors falls beyond the scope of the present dissertation.  
Other catchall phrases featured throughout the work are “somatic 
conditions” and “mental disorders.” The former refers to all types of somatic 
illnesses regardless of their severity or chronicity, while the latter is used as a 
shorthand for psychiatric and neurodevelopmental disorders. Finally, the 
expressions “health-related selection to education” and “health selection” are 
used in a neutral manner to refer to the suggested causal effect of health status 
Introduction 
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on education and on any social outcome, respectively. Despite the connotation 
of the word “selection,” current health selection research does not presume 
that adolescents with health problems select (i.e., choose) not to continue 
education (von Hippel and Lynch 2014); there could also be structural barriers 




2 HISTORICAL AND THEORETICAL 
BACKGROUND 
2.1 THE CHANGING PICTURE OF CHILDHOOD ILLNESS 
AND DISABILITY 
The notion of childhood illness and disability saw an unprecedented shift in 
the course of the 20th century. In Finland, infant mortality declined from 
around 70 per 1000 in the mid-1930s to less than 3 per 1000 in 2010 (Statistics 
Finland 2011). Correspondingly, annual mortality among children aged 1 
month to 15 years declined from 0.67 per 1000 in 1969 to 0.23 per 1000 in 
2004 (Lantto, Renko, and Uhari 2008). Similar, albeit often less dramatic, 
trends have been documented throughout the industrialized countries, and 
they are predominantly explained by the more effective prevention and 
treatment of congenital malformations, infectious diseases, and other acute 
conditions (Halfon and Newacheck 2010). Simultaneously, advancements in 
other areas of medicine have enabled survival from many life-threatening 
conditions that were previously considered untreatable, such as many forms 
of childhood cancer (Halfon and Newacheck 2010; Lantto et al. 2008). With 
improved regulation and environmental safety, the incidence of fatal injuries 
in children and adolescents has been constantly decreasing (Parkkari et al. 
2016, 2020). In Finland, a particularly large drop has been observed in 
drownings and road traffic injuries (Parkkari et al. 2016). 
In consequence of decreased early mortality as well as developments in 
diagnostics and recognition, the proportion of children categorized as living 
with a chronic condition increased notably towards the start of the 21st 
century (Van Cleave, Gortmaker, and Perrin 2010). For a health condition to 
be considered chronic, it typically has to last for a minimum of 12 months and 
be severe enough to induce at least some level of activity limitation (Van Cleave 
et al. 2010; Halfon and Newacheck 2010). This definition does not 
differentiate between physical health conditions and mental and 
neurodevelopmental disorders, although many authors use the term either 
explicitly or implicitly to refer to long-term physical illnesses (Bell et al. 2016; 
Compas et al. 2012; Maslow et al. 2011). 
Impairment and disability are other closely related concepts in this 
context, and they are probably also the most controversial ones. In the field of 
disability studies, it is typical to distinguish between the traditional “medical 
model” of disability and the competing “social model” of disability. In the 
former line of thinking, disability is considered a problem of the body that 
requires treatment or at least adaptation; disabilities are linked to 
disadvantage through the functional limitations they cause (Goering 2015). By 
contrast, the social model of disability contests the medical approach by 
emphasizing that the largest obstacles disabled individuals usually face are 
Historical and theoretical background 
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related to the built physical environment and other people’s attitudes (Goering 
2015). It makes a clear distinction between impairments—defined as a non-
standard state of the body, such as low vision or hearing loss—and disabilities, 
which are restrictions of activity that individuals with impairments face in the 
physical and social environment (Anastasiou and Kauffman 2013). The 
concept of disability is importantly connected to the present thesis because 
schooling is arguably the most important indicator of functioning in children 
and adolescents and an area of life that seems especially vulnerable to 
experiences of disability. 
The prevalence of chronic illness or disability among Finnish school-aged 
children depends strongly on the way it is measured. In 2018, there were 
305,538 children aged 10–14 in Finland, of whom 22,672 (7.4%) had an 
eligibility for reimbursed long-term medication, issued by a medical specialist 
(Statistics Finland 2020b; The Finnish Social Insurance Institution 2020). 
This figure represents a group of physical health conditions that are widely 
recognized as requiring constant medication (e.g., type 1 diabetes, epilepsy, 
and rheumatoid arthritis) and is, as such, an underestimate of the overall 
disease burden. In a school health survey conducted in 2019, 21.3% of early 
adolescents attending the 8th or 9th grade reported that they had a long-term 
illness or health problem diagnosed by a physician (The National Institute for 
Health and Welfare 2019). Although more subjective and vague in its 
definition, this figure is likely to cover a broader range of childhood health 
problems. In comparison, 26.6% of children aged 8–14 in the United States 
were estimated to have a chronic condition (obesity and behavior/learning 
problems included) in 2006 (Van Cleave et al. 2010). In their systematic 
review, van der Lee et al. (2007) document the large variety of 
operationalizations used in different studies measuring the prevalence of 
chronic health conditions in children: depending on the definition, the 
prevalence of chronic conditions can be anything from 0.22% to 44% in 
wealthy countries. 
Investigations reaching the largest prevalence estimates typically take into 
consideration a broad range of emotional, behavioral, and 
neurodevelopmental disorders. A study from the United States documented 
an overall lifetime prevalence of 22.2% for mental disorders involving severe 
impairment or distress in adolescents aged 13–18 based on face-to-face 
surveys (Merikangas et al. 2010). Another investigation from the United States 
documented a simultaneous decline in disability related to physical conditions 
and an increase in disability related to mental or neurodevelopmental 
conditions, which resulted in a 16% overall increase in activity-limiting 
disabilities among children under 18 between 2001 and 2011 (Houtrow et al. 
2014). 
In studies measuring healthcare use, the prevalence of psychiatric and 
neurodevelopmental diagnoses among children and adolescents has shown a 
constant increase during the past decades. In a Finnish study comparing 
children born in 1987 and 1997, the cumulative prevalence of diagnoses 
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received at ages 12–18 increased from 9.8% to 14.9% among girls and from 
6.2% to 8.8% among boys (Gyllenberg et al. 2018). Unipolar depression and 
other anxiety disorders showed the largest increases among girls and in 
emotional and social interaction disorders and attention-deficit hyperactivity 
disorder (ADHD) among boys. Similarly, a multinational comparison study 
combining data from Finland, Sweden, Denmark, and Western Australia 
observed a notable increase in diagnoses of childhood autism, hyperkinetic 
disorder, obsessive compulsive disorder and Tourette syndrome between birth 
cohorts 1990–1992 and 2005–2007 (Atladottir et al. 2015). The question of 
whether the true population prevalence of mental and neurodevelopmental 
disorders has increased is much debated, although a careful reading of the 
available literature suggests that these trends are more likely explained by an 
increased awareness and an improved recognition of disorders at different 
levels of healthcare (Atladottir et al. 2015; Gyllenberg et al. 2018). 
2.2 WHAT’S IN A NAME? HEALTH SELECTION AND ITS 
MANY COUSINS 
The idea that poor health could negatively affect social outcomes has a long 
and disjointed history. The concept of “health selection” (or “social selection”) 
has been traditionally used by sociologists and social epidemiologists studying 
disparities in health and mortality according to socioeconomic position (SEP), 
most typically defined through occupational position, education, or income 
(Elo 2009). In this line of inquiry, Ogle (1885, cited by Fox and Collier 1976) 
is often noted as the first to suggest that comparing occupational mortality 
rates is complicated because “some occupations repel, while others attract, the 
unfit” and, correspondingly, “some occupations may be of necessity recruited 
from men of supernormal physical condition.”  
In the United States, Perrott and Collins (1935) proposed a similar 
interpretation for their results showing that families reduced to poverty during 
the Great Depression experienced more disabling illness. The authors even 
suggested two separate theories of selection, the first referring to “sickness per 
se as a cause of unemployment” and the latter proposing “an inherent 
inferiority of which unemployment was one manifestation and ill health 
another.” With this distinction, their framework seemed to foreshadow the 
division between direct and indirect selection, common in later health 
selection literature (West 1991). Despite highlighting selection as an 
alternative explanation, the authors concluded, “It seems highly improbable 
that a theory of selection contains the sole explanation of the results of the 
present survey.” (Perrott and Collins 1935). 
In the United Kingdom, Illsley (1955) contributed to the selection literature 
by showing that “women who rose in social status at marriage already 
possessed advantages in terms of growth, health, and education (…) and were 
more efficient at child-bearing than women less favored.” Illsley interpreted 
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these results as evidence that “selective interchange between classes at 
marriage tends to accentuate class differences, and is partly responsible for the 
continuing disparity between the mortality rates of the Registrar-General’s 
social classes.” As noted by West (1991), the early examples of health selection 
research were often met with accusations of promoting a social Darwinist 
worldview where the social class structure is the sole result of innate individual 
attributes, including health. While the abundant language of “fitness” and 
“superiority” may have contributed to this interpretation, political bad faith 
was likely involved in the critique as well. In the United Kingdom, the early 
1980s saw the publication of the Black Report on health inequalities 
(Department of Health and Social Security 1980), which is often considered a 
key milestone in the history of social epidemiology. As one of the four 
theoretical explanations for health inequalities, the report included “natural 
and social selection,” which received a much shorter introduction than the 
three other theories. 
In hindsight and following West (1991), it is easy to hear a dismissive tone 
in the words the authors of the Black report used to describe selection: “In this 
approach, social class is relegated to the status of dependent variable while 
health itself acquires the greater degree of causal significance. The 
occupational class structure is seen as a filter or sorter of human beings and 
one of the major bases of selection is health, ie. [sic] physical strength, vigour 
or agility.” (Department of Health and Social Security 1980) Moreover, as 
noted by Vågerö and Illsley (1995), the very use of the word “natural selection” 
seemed symptomatic given that previous authors on health selection had 
made no reference to Darwin’s theory. 
Only during the 1990s did the antagonistic reputation of health selection 
research begin to slowly dissipate when health selection was increasingly re-
conceptualized as “social” and “sociological” (Cardano, Costa, and Demaria 
2004). For West (1991), this meant relinquishing the conception that health 
selection is an entirely biological or genetic process and acknowledging that 
health selection is ultimately a form of discrimination, realized in the 
opportunity structures of educational institutions and the labor market. 
Understood this way, discrimination due to illness and disability belongs to 
the same category as discrimination because of sex or race—and should be 
treated accordingly (West 1991). Gradually, health disparities research has 
proceeded towards assessing the relative contribution of social causation and 
health selection simultaneously (Lynch and von Hippel 2016). With the 
adoption of a life course approach, the answer to the question of causation 
versus selection is increasingly both-and rather than either-or because the 
effects of causation and selection on health disparities could operate 
reciprocally and depend on the stage of life (Hoffmann, Kröger, and Pakpahan 
2018). 
Social epidemiologists are not the only ones who have been interested in 
examining the effect of health on SEP and vice versa. Especially since the 
1990s, economists have been using their own theoretical approaches and 
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methods to provide novel insight on the discussion (Adams et al. 2003; Case, 
Lubotsky, and Paxson 2002; Deaton and Paxson 1998; Schultz 2002; Smith 
1999). They commonly use the term “health shock” to refer to health problems 
(Eide and Showalter 2011; Fletcher and Richards 2012), which can be seen to 
emphasize the sudden and unexpected nature of many serious health 
conditions. Whereas social epidemiologists have—at least traditionally—
focused more commonly on occupational position, economists tend to put 
greater emphasis on income and education, with the latter typically referred 
to as human capital (Case et al. 2002; Ding et al. 2009; Fletcher and Richards 
2012; Fletcher and Wolfe 2008; Smith 2009). While some economic studies 
comment on the health disparities debate, most of them are rather negligent 
of it and examine the impact of health problems on the formation of human 
capital and economic prospects as an independent phenomenon. Overall, 
literature reviews conducted by economists seem largely unconcerned with the 
work conducted on health selection in other fields of study (Eide and 
Showalter 2011). 
If economists have shown occasional interest toward the social 
epidemiological debate on causation vs. selection, pediatricians and child 
psychologists approach the social consequences of health problems with a 
completely different vocabulary. As part of a broad definition of clinical 
outcomes, the outcomes of healthcare can be divided into health outcomes and 
social outcomes, which are sometimes assessed in the same study (Liptak and 
Accardo 2004). Researchers in this tradition often use validated instruments 
to measure coping, psychosocial functioning, and health-related quality of life 
in children with chronic conditions or other special healthcare needs 
(Emerson et al. 2015; Forgeron et al. 2018; Grootenhuis et al. 2007; Schmidt, 
Petersen, and Bullinger 2003). However, many pediatric studies examine 
educational and employment outcomes as well (Barbaresi et al. 2007; Bell et 
al. 2016; Berg et al. 2016; Boman, Lindblad, and Hjern 2010; Maslow et al. 
2011), and the problem of school absenteeism among children with chronic 
illnesses has been recognized in the literature for a long time (Weitzman et al. 
1982). The term “health selection” appears rarely in the pediatric literature, 
however. 
During the past two decades, there has been a surge of social scientific 
research that is indebted to all of the above-mentioned approaches. This line 
of research commonly identifies two distinct forms of selection—drifting and 
stunting (Layte and McCrory 2013). In the former, a person who has already 
achieved a certain SEP drifts to a lower one because of health problems. This 
process is sometimes referred to as intra-generational downward mobility, 
and it pertains to, for instance, working-age adults with mental disorders who 
become unemployed (McLeod and Kaiser 2004). By contrast, the process of 
stunting applies to children and adolescents whose socioeconomic 
development, namely educational career and labor-market entry, is hindered 
by early health problems (Layte and McCrory 2013). Whereas drifting has 
traditionally received much more theoretical and empirical attention, the new 
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forms of social scientific health selection research have been particularly 
engaged with the process of stunting. 
Similar to economics, this emerging research orientation is interested in 
understanding the process of selection in itself (Palloni 2006). The association 
between mental disorders and educational outcomes has received particular 
attention, with attempts to combine sociological and psychological theory to 
understand its mechanisms (McLeod and Fettes 2007; McLeod and Kaiser 
2004). What is particularly sociological about the new approach is that it 
connects health selection to social stratification and highlights the potential of 
childhood health disparities in explaining the intergenerational transmission 
of SEP (Haas 2006; Palloni 2006), noted only occasionally in economic 
research (Aizer and Currie 2014; Case et al. 2002). Along the same lines, it is 
acknowledged that some social contexts could be protective while others could 
increase vulnerability to the effects of childhood health problems on 
socioeconomic attainment (Evensen et al. 2016; Jackson 2009). 
The present dissertation builds on this new phase of health selection 
research, which barely identifies itself as a research program at all. No effort 
is made to proclaim the superiority of this perspective over the others 
mentioned above; instead, the goal is to prove that the approach is meaningful 
and worthy of social scientists’ attention. The traditional social 
epidemiological reading of health selection equates the usefulness of selection 
studies with their ability to explain socioeconomic health disparities (Blane, 
Smith, and Bartley 1993; Warren 2009). That view can be rejected for two 
reasons. First, health conditions that affect SEP could be different than—and 
even unrelated to—health conditions that exhibit social disparities in 
adulthood. Second, the weak overall contribution of health selection to social 
disparities in health is not necessarily a sign of weak health selection per se: 
perhaps health conditions that show the greatest selection effects are simply 
too rare to explain much of social disparities at the population level. Thus, 
although health selection was originally introduced as an alternative 
explanation to social disparities in health, in its current form health selection 
research is at least as much about explaining variation in educational and 
labor-market outcomes. 
2.3 THE MECHANISMS OF HEALTH SELECTION 
A number of theoretical models have been proposed to explain the selection of 
individuals with health problems into lower levels of education. Because of the 
relative novelty of the stunting perspective to health selection and the 
singularity of different approaches, little effort has been made thus far to 
integrate these theories into a unified model of health-related selection to 
education. This chapter echoes Lynch and von Hippel (2016) by classifying the 
previously suggested theoretical models into four groups: bio-cognitive 
explanations, social explanations, economic/psychological explanations, and 
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confounding explanations. It is conceivable that the weight of different 
explanatory models depends on both contextual factors and the type of health 
problem in question. 
2.3.1 BIO-COGNITIVE EXPLANATIONS 
This line of thinking connects poor early health with impaired cognitive 
development and, subsequently, learning difficulties and weak performance at 
school. The idea is particularly prominent in studies assessing the 
developmental and social consequences of adverse birth outcomes, such as 
prematurity and low birthweight. Bio-cognitive explanations are profoundly 
connected with the pioneering work of David Barker who developed the fetal 
programming hypothesis, often dubbed “the Barker hypothesis.” In its original 
form, the fetal programming hypothesis states that disproportionate growth 
caused by undernutrition during critical periods of fetal development 
“programs” irreversible changes in organs and tissues, leading to an elevated 
disease risk later in life (Barker 1995). The framework of life course 
epidemiology uses the concept critical period to refer to the time windows of 
human development that are especially vulnerable to biological programming 
(Kuh et al. 2003). 
Although the “long arm” extending from fetal environment to old age 
chronic disease has been part and parcel of the Barker hypothesis, the life 
course epidemiological theory on critical periods has also attracted a plethora 
of studies connecting early growth patterns and harmful fetal exposures with 
child, adolescent, and young adult outcomes. In this brand of research, 
cognitive and neurodevelopmental outcomes have typically been at center 
stage. A number of meta-analyses have connected preterm birth and low birth 
weight with attention problems and poorer cognitive test scores among school-
age children (Aarnoudse-Moens et al. 2009; Barre et al. 2011; Bhutta et al. 
2002). According to a Finnish study, slow growth during three critical periods 
up to age 7 years predicts weaker verbal, visuospatial, and arithmetic abilities 
at age 20 (Räikkönen et al. 2009). In addition to nutritional factors, previous 
studies have cited maternal smoking and exposure to ambient air pollution as 
notable environmental risk factors of restricted growth (Bernstein et al. 2005; 
Ha et al. 2001). 
Even more significantly for the present study, certain types of chronic 
conditions in childhood are associated with an elevated risk of impaired 
cognitive development. One of these conditions is type 1 diabetes, which has 
been connected with deficits in several branches of cognition (Brands et al. 
2005; Gaudieri et al. 2008). Although the associations are in general relatively 
weak, early age of onset (under seven) increases the risks (Gaudieri et al. 
2008). Brain imaging studies suggest coexistent alterations in brain structure, 
supporting an organic explanation for the documented cognitive deficits 
(Ferguson et al. 2005). Other important health conditions carrying a potential 
of cognitive impairment include epilepsy and central nervous system tumors, 
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which could cause cognitive deficits both because of the harmful effects of the 
condition on the brain and because of treatment methods and medication 
(Anderson et al. 2001; Hermann and Seidenberg 2007). However, in the case 
of epilepsy, the direction of causality has been questioned by studies showing 
cognitive impairment already at the time of diagnosis or even preceding it 
(Oostrom et al. 2003). 
2.3.2 SOCIAL EXPLANATIONS 
Sociological studies in particular highlight the importance of structural 
barriers and interactional factors in explaining health-related differences in 
educational outcomes. It has been suggested that children with health 
problems perform worse at school simply because they are obliged to be absent 
from school more often than their peers, thus losing out on the benefits of 
classroom instruction (McDougall et al. 2004; Needham, Crosnoe, and Muller 
2004). This type of process can be seen as a failure of education organizers to 
compensate for the school days that were missed because of symptoms, 
treatment, or recovery. At the same time, the problems of absenteeism could 
take a more subtle form among students who are physically but not mentally 
present in the classroom. Children who experience painful physical symptoms 
or emotional disorders may find it difficult to concentrate on teaching or to 
form meaningful bonds with their teachers and classmates (Needham et al. 
2004). 
Compared to all other explanations of health selection, increased 
unintentional school absenteeism is supposedly one of the most context-
specific, and results obtained in one educational context may not be readily 
generalizable to other countries. In Canada, children with activity-limiting 
conditions have around twice the number of absent days compared with other 
children (McDougall et al. 2004), whereas among children with asthma, there 
seems to be a dose–response relationship with asthma severity level and 
missed school days in the United States (Moonie et al. 2006). According to a 
study from England, school absences could be an important mediator of the 
associations between chronic conditions and early-adolescent educational 
attainment (Hale and Viner 2018). In Finland, it should be noted that in the 
most severe cases of illness children may receive teaching in 1 of the 25 
hospital school units located in the largest cities of the country (Sairaalaopetus 
2020). 
In the same way as the social model of disability emerged as a critique of 
the traditional medical model, the sociological interpretations of health 
selection have criticized clinicians and epidemiologists for equating the social 
consequences of emotional and behavioral disorders with disorder severity 
(McLeod, Uemura, and Rohrman 2012). Instead of focusing only on the child’s 
readiness to absorb knowledge and be present at school, these perspectives 
turn their attention to the social responses that children with mental disorders 
receive from other people at home and in the school environment (McLeod 
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and Fettes 2007). As a theoretical motivation, they invoke the concepts of 
stigma, labeling, discrimination, and social exclusion. 
The most famous definition of stigma was presented by Erving Goffman 
who identified stigma as a behavioral or physical attribute that causes a person 
to be socially devalued and rejected because it is, for the moment, discredited 
by society (Goffman 1986:3). Stigma becomes connected to mental disorders 
through the labeling theory (Scheff 1974) and, nowadays, especially through 
the modified labeling theory (Link et al. 1989). Whereas the former theory 
considers mental illness a culturally constructed label that the labeled persons 
themselves start to fulfill in their behaviors (thus producing the illness as a 
kind of self-fulfilling promise), the latter asserts a more intricate process 
where the fear of discrimination, learned through socialization, prepares 
individuals with mental disorders to anticipate rejection and withdraw from 
social situations thus weakening their self-esteem and social support networks 
(Link et al. 1989). 
In a study on children’s stigmatization, other children were more willing to 
keep social distance from children with ADHD or depression than from 
children with asthma, and ascribed stronger expectations of violence and 
antisocial behavior to these conditions (Walker et al. 2008). A qualitative 
study on stigma experiences among adolescents with emotional or behavioral 
disorders reported peers, parents, and school staff alike as important sources 
of stigmatization (Moses 2010). Adolescents taking psychiatric medication 
have also been shown to exhibit patterns of behavior described in the modified 
labeling theory, such as shame, secrecy, and limiting social interaction 
(Kranke et al. 2010). 
The contemporary accounts of youth stigmatization typically understand 
the negative social response as a combined consequence of symptomatic 
behaviors and labeling (Moses 2010). In the school environment, children 
with attention or conduct problems are especially likely to elicit negative social 
response because their behavior is easily seen as distractive and interpreted to 
signal disinterest toward educational achievement (McLeod et al. 2012). 
Disruptive behaviors can lead to negative interactions with peers and teachers 
who may ultimately come to withdraw their intellectual and social support 
(Roeser, Eccles, and Strobel 1998). In a captivating study on “behavior 
penalties” in grading, adolescents with conduct or attention problems received 
systematically weaker grades from their teachers than their performance in 
anonymously rated exams seemed to predict (Evensen 2019). 
Although emotional and behavioral disorders have been both theoretically 
and empirically salient for stigmatization perspectives, similar concepts have 
been applied for explaining why adolescents with a high body mass index seem 
to end up with lower educational attainment (von Hippel and Lynch 2014). 
Obesity is a highly stigmatized attribute, and evidence implies that 
discrimination due to body weight is considered more socially acceptable than 
discrimination due to other traits, such as religion or sexual orientation 
(Latner et al. 2008). An investigation by Crosnoe (2007) notes that obese 
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adolescent girls’ experiences of emotional distress, elevated self-medication 
through substance use and declined academic engagement explain roughly 
one-third of their lower odds of entering college. Notably, the low prevalence 
of obesity in the same educational institution—a likely trigger of increased 
stigmatization—predicted stronger associations. 
2.3.3 ECONOMIC/PSYCHOLOGICAL EXPLANATIONS 
Education can be seen as an investment that consumes plenty of time (as well 
as money in many countries) and pays back only in the long term. Economists 
exploring health selection have favored a psychologically oriented explanation 
that notes the effect of health problems on individual time preference: persons 
encountering serious health problems are inclined to shift their preferences 
from future goals toward immediate gratification because experiences of poor 
health lower subjective life expectancy (Smith 1999). In the economic 
parlance, health shocks cause a person to discount future utility and value 
present utility (Becker and Mulligan 1997). When it comes to young people 
making significant educational transitions, such changes in time preference 
could be decisive because young people in general tend to exhibit high levels 
of future discounting (Steinberg et al. 2009). 
Psychologists would approach the same phenomenon through the concept 
of future orientation, which has been shown to be a significant predictor of 
educational engagement among young people (Horstmanshof and Zimitat 
2007; Scholtens, Rydell, and Yang-Wallentin 2013). A person with strong 
future orientation exhibits little future discounting, and vice versa. In a 
previous study from Sweden, ADHD symptoms in adolescents predicted lower 
levels of future orientation, both directly and through lower academic 
achievement (Scholtens et al. 2013). A sociological reading of the connection 
between future orientation and education highlights its social underpinnings 
through the concept of educational expectations. As noted by Jackson (2009), 
parents who have a child encountering health problems may emphasize well-
being and recovery over academic performance, and the children themselves 
may start to believe they are limited by health problems. Similarly, both 
children and their parents could interpret challenges faced at school as further 
evidence of a need to lower their expectations. In the worst-case scenario, 
teachers and school counselors could reinforce this pattern with their own 
negative expectations (McLeod and Fettes 2007). 
2.3.4 CONFOUNDING EXPLANATIONS 
While there are good reasons to assume causality between health–schooling 
relationships, early health and educational outcomes also share some common 
background factors that are likely to confound the bivariate associations. Prior 
health selection literature commonly described this process as indirect 
selection (Blane et al. 1993; West 1991), but nowadays it is typically considered 
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confounding because the actual interest is in the direct effect of health 
problems on education, mediated by the mechanisms outlined above (Lynch 
and von Hippel 2016). Among the suggested confounders, different aspects of 
parental SEP (education, income, and occupation) are the ones that appear 
most commonly in the literature (Hale et al. 2015; Melkevik et al. 2016). 
Parental education is a strong predictor of offspring educational attainment 
(Hertz et al. 2007), and there are meaningful disparities in early health 
according to different dimensions of parental SEP (Currie 2011; Reiss 2013; 
Viner et al. 2012). On the other hand, if resource allocation within families is 
determined by the expected probability of future success (Becker and Tomes 
1986), parents may come to invest less time and money in their offspring with 
poor health (Hsin 2012). 
Although alterations in time preference count as potential mechanisms 
explaining the effect of health on education, individual differences in time 
preference (or future orientation) could also operate as confounders of the 
relationship. More technically, the former scenario would signify an 
endogenous determination of time preference, whereas the latter would be a 
sign of exogenous determination (Becker and Mulligan 1997). Fuchs (1980) 
originally noted the possibility of time preference, consolidated at an early age, 
explaining the putative effect of education on health, but the interpretation 
applies partly to the effect of health on education, as well. While most health 
outcomes in childhood and adolescence are unrelated to the person’s own 
actions, lifestyle choices may leave room for individual time preference. Some 
authors on obesity have noted that a preference toward immediate 
gratification could guide the same person to both lead a sedentary lifestyle and 
discontinue education (von Hippel and Lynch 2014). 
When time preferences and future orientation are considered to precede 
both health and education, they are best characterized as either innate or 
early-adopted psychological traits (Lynch and von Hippel 2016). Another 
possibly relevant psychological trait is intelligence, which is a strong predictor 
of both health and education (Gottfredson 2004). Given that intelligence 
remains rather stable throughout the lifespan (Deary, Pattie, and Starr 2013), 
it could be an important confounder in health–schooling relationships 
regardless of their direction. Among the Big Five personality traits, high 
conscientiousness seems to be particularly predictive of both positive health 
behaviors and educational outcomes (Bogg and Roberts 2004; Poropat 2009; 
Tackman et al. 2017), and within the broader group of non-cognitive skills, 
high self-control—the ability to resist urges and override impulses—and self-
esteem—the degree of approval toward oneself—are similarly important 
(Hagger 2014; Stadler et al. 2016; Zheng 2017). 
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2.4 SOCIOLOGICAL PERSPECTIVES ON EDUCATIONAL 
STRATIFICATION AND HEALTH SELECTION 
Education is a key component in the sociological literature on social 
stratification—the study of how and why societies categorize individuals into 
hierarchical social groups (Bukodi and Goldthorpe 2016). In the Durkheimian 
tradition of explaining social processes with “social facts”—constraining 
factors external to the individual—mainstream sociological discussions have 
most commonly examined stratification in education according to extra-
individual group-level properties, such as parental social class, ethnicity, and 
gender (Breen and Jonsson 2005). Consequently, the same reasons 
encouraging the original downplaying of health selection explanations in 
social disparities research may have resulted in the neglect of early health 
problems in stratification studies. 
Every now and then, this lack of connection has been noticed by 
researchers aligned with the tradition of disability studies. Jenkins (1991) 
argued that disabled individuals are “practically invisible” to mainstream 
forms of sociology, such as stratification studies. According to his reading, 
stratification studies have traditionally regarded social class as the principal 
mode of stratification, which has led to the neglect of disabilities on similar 
grounds as gender and ethnicity were neglected previously. Notably, 
Chatzitheochari and Platt (2019) draw a very similar conclusion on the role of 
disabilities in stratification research 28 years later: “Disability differentials 
have been largely overlooked in social stratification and life course research.” 
They mention the lack of suitable longitudinal datasets as a potential 
explanation for the limited number of sociological studies exploring these 
questions. Even in the early 2000s, Priestley (2001) and Powell (2003) 
prompted a stronger integration of disability into sociological stratification 
and life course research. 
Many concepts originally introduced in connection to social class 
differences in education are readily applicable to the study of stratification in 
educational attainment according to health problems. The transition model of 
educational attainment hypothesizes that the impact of parental SEP declines 
with each successful educational transition (Mare 1980). Thus, instead of 
measuring years of completed education, a more nuanced view of stratification 
may be achieved by examining stratification in the sub-group of individuals 
who managed to complete the previous level of education, such as 
stratification of tertiary education among those attaining a secondary degree. 
Here, it is important to separate between enrollment and completion because 
dropping out from education is likely to be selective as well and completing 
some courses is unlikely to provide similar benefits as attaining a degree 
(Contini, Cugnata, and Scagni 2018). 
On the other hand, it has been understood for a long time that analyzing 
educational careers as sequences of transitions may also produce an 
oversimplified picture of stratification because the same level of education 
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consists of alternative tracks or branches of study in many education systems 
(Breen and Jonsson 2000). If study track decisions affect career opportunities 
or possibilities of pursuing further education, it seems likely that stratification 
occurs in this dimension as well (Gerber and Cheung 2008). Accordingly, it is 
possible to distinguish vertical (the level of education) and horizontal 
(different tracks within the same level) dimensions of stratification (Charles 
and Bradley 2002); however, these are not completely separate because 
horizontal stratification can elicit subsequent vertical stratification (Breen and 
Jonsson 2000).  
Even if a person is able to complete a certain level of education, it is not 
guaranteed that the person can simply decide to continue to the subsequent 
level, let alone freely choose any of the alternative fields of study. Boudon 
(1974:29–31) is known for originally introducing the distinction between the 
primary and secondary effects of social class on educational attainment. The 
primary effects refer to the impact of parental social class on school 
performance and therefore define the range of available educational options. 
Secondary effects, in turn, capture the remainder of social class differentials 
in educational attainment operating above and beyond differences in school 
performance. Research has shown evidence for both types of effects: children 
coming from a socioeconomically disadvantaged background perform worse 
at school, but they also seem to make less academically oriented educational 
choices within the range enabled by their past educational performance 
(Erikson and Rudolphi 2010; Jackson et al. 2007). Considering that different 
education systems use different methods for selecting students, the primary 
and secondary effects do not automatically translate into a simple dichotomy 
of abilities vs. decisions. For instance, grade point averages used in many 
systems are likely to reflect not only abilities but also behaviors appreciated by 
teachers (Erikson and Rudolphi 2010; McLeod et al. 2012). 
Applying these concepts to the study of health-related differences in 
educational attainment makes the interpretation of previous evidence on 
health selection clearer and yields novel hypotheses to test empirically. It is 
conceivable that the impact of early health problems diminishes with each 
successful transition. At the same time, it is plausible that the analysis of 
immediate enrollment and ultimate completion yields different results 
because health problems may also increase the risk of terminating education. 
A more nuanced view of health-related differences in education could be 
achieved by simultaneously analyzing the vertical and horizontal dimensions 
of stratification; horizontal stratification could also be important in explaining 
vertical stratification in the subsequent level of education. To truly understand 
the nature of health-related selection to education, it is important to separate 
between the primary and secondary effects of health problems, namely the 
part explained by weakened school performance and the part remaining after 
accounting for past performance. 
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2.5 THE CONTEXTUAL AND INTERGENERATIONAL 
ASPECTS OF HEALTH SELECTION 
Health-related selection to education is often studied in a manner that isolates 
it from the broader social context: health problems and educational 
attainment are measured at two separate time points and their association is 
estimated by either adjusting for as many potential confounders as possible or 
employing a study design that automatically repudiates many alternative 
explanations (e.g., comparisons of full siblings discordant for health status). 
This approach is useful when the goal is to evaluate the very existence of health 
selection or compare the effects of different types of health problems, as is 
done in some parts of the present dissertation. However, to complete the 
picture, these “foundational” studies need to be complemented with 
perspectives that evaluate the connections between health selection and other 
forms of childhood adversity. Although any child can potentially develop a 
serious health condition, both the likelihood and the consequences of this 
event depend on the material and cultural resources of the family. 
Cumulative inequality theory, which combines the key elements of 
cumulative advantage and life course theories, offers a fruitful way to address 
the intergenerational and contextual aspects of health-related selection to 
education (Jackson 2015). The theory considers the accumulation of 
inequality as a life course process that is shaped by family lineage, resource 
mobilization, human agency, and individual perceptions of life trajectories 
(Ferraro and Shippee 2009). Advantage and disadvantage are seen as 
positions in a social hierarchy, but it is held that they are not the exact 
opposites of each other: advantage is best characterized as exposure to 
opportunity, whereas disadvantage is exposure to risk (Ferraro and Shippee 
2009). Applied to poor early health, the presence of health problems forces a 
child to undergo a completely different set of social processes than would have 
been the case in the absence of health problems. For children in particular, 
health becomes an issue of concern only when it is threatened. 
There are children with health problems in all kinds of families with 
different material, cultural, and social resources. The concept of resource 
mobilization highlights the potential of compensatory resources in buffering 
against the harmful consequences of early disadvantage (Parcel, Dufur, and 
Cornell Zito 2010). Parents who are highly educated and enjoy high wages may 
be able to compensate for the educational risks posed by early health problems 
by supporting their child both intellectually and financially. Highly educated 
parents spend time with their children more actively (Craig 2006; Guryan, 
Hurst, and Kearney 2008), and by doing so, they may be able to stimulate their 
children’s cognitive development (Lundborg, Nilsson, and Rooth 2014; Noble 
et al. 2015). Although a less important aspect in the Nordic context, these 
parents may also be able to acquire the best possible treatment for their child 
and avoid long patient queues (Case and Paxson 2006). 
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By contrast, some children may experience simultaneous disadvantage in 
multiple domains of life. Following the cumulative inequality theory, the 
combined effect of cumulative disadvantage is not necessarily a simple unit 
count because certain combinations of disadvantage can be especially 
challenging and certain negative experiences may require other adversities to 
become truly consequential (Schafer, Ferraro, and Mustillo 2011). Thus, an 
analysis of cumulative inequality needs to address the potential nonlinearity 
in life course trajectories (Ferraro and Shippee 2009). In line with the theory, 
Jackson (2009) hypothesizes that health problems could pose a “double 
jeopardy” for adolescents who belong to an ethnic minority and/or whose 
parents have a low SEP. These adolescents are at a heightened risk of both 
experiencing multiple stressors (e.g., poverty, crime, and parental divorce) 
and lacking necessary compensatory resources (Jackson 2009). Their parents 
might lack the capability to administer the necessary medications and diet for 
their child having a chronic condition, such as asthma or diabetes (Case and 
Paxson 2006). Altogether, the realized educational risk could become even 
larger than the sum of its parts. 
Although structural disadvantage poses risks for the persistence of 
inequality throughout the life course, the cumulative inequality theory leaves 
a lot of room for human agency to shape life trajectories (Ferraro and Shippee 
2009). Individual perceptions of the past and expectations of the future could 
be important in explaining why certain individuals fare well despite starting 
their lives with an additional burden of disadvantage. A study examining the 
connections between early disadvantage and individual evaluations of the 
future discovered that individuals exposed to the highest amounts of 
childhood adversity also tend to expect the largest improvement in the 
future—possibly because they have more room to improve (Schafer et al. 2011). 
As an alternative to the “double jeopardy” hypothesis, Jackson (2009) 
proposed that the effect of health problems on educational careers may well 
be more negative among adolescents coming from an advantageous 
background. These adolescents are expected to reach a high level of education, 
but because of this, they also have further to fall. Their health problems could 
deprive them of their educational assets, whereas those coming from a 
disadvantaged background have little to lose to begin with (Jackson 2009). 
Correspondingly, only the advantaged might lower their educational 
expectations as a reaction to health problems. 
The genetic and social family lineage could become intertwined with 
health-related selection to education in an even more complicated manner. 
Educational attainment is a social scientific variable that shows particularly 
strong intergenerational persistence—a correlation of 0.4, on average, globally 
(Hertz et al. 2007). According to a recent international twin study, 43% of 
variation in educational attainment between individuals is explained by 
genetic factors; however, environmental factors shared within a family also 
account for a substantial proportion, 31% (Silventoinen et al. 2020). 
Considering that there are notable socioeconomic disparities in early health 
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(Currie 2011; Reiss 2013; Viner et al. 2012), some authors have suggested that 
health-related selection to education could play an important role in 
explaining the parental contribution to offspring schooling, and, more 
generally, the intergenerational transmission of SEP (Case and Paxson 2006; 
Currie 2009; Palloni 2006). In line with this hypothesis, Basch (2011) uses the 
term “educationally relevant health disparities” to refer to the subgroup of 
childhood health conditions that both shows socioeconomic disparities and is 
potentially harmful for educational careers.  
What is missed by these theoretical accounts of intergenerational 
transmission is that the significance of early health for intergenerational 
transmission could become further amplified if the above-mentioned “double 
jeopardy” hypothesis holds. In this scenario, health problems would, firstly, be 
more common among socially disadvantaged children and, secondly, their 
effects on education would also be stronger in this group. On the other hand, 
the reverse may be the case if health problems show a stronger effect among 
advantaged children and are especially significant in explaining downward 
social mobility. The importance of early health disparities as an explanation to 
the intergenerational persistence of SEP would then be smaller than expected. 
Connecting health selection to cumulative inequality makes a case for 
simultaneously examining the moderation of selection by parental 
socioeconomic resources and the mediation of the intergenerational 
transmission of education by health problems. 
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3 EMPIRICAL EVIDENCE ON HEALTH-
RELATED SELECTION TO EDUCATION 
This chapter reviews existing evidence on the association between child or 
adolescent health problems and educational outcomes. Cross-sectional and 
retrospective studies are mentioned only when they provide the sole available 
evidence regarding the question of interest. When reviewing studies that 
connect health-related selection to social origin, parental income and 
occupation are also taken into consideration, although the principal interest is 
in the role of parental education. 
3.1 THE IMPACT OF DIFFERENT TYPES OF HEALTH 
PROBLEMS 
A large part of previous research focuses on the educational consequences of 
birthweight and other proxies of healthy prenatal development. Studies 
comparing the birthweight of monozygotic twins or biological siblings show 
that low birthweight has, at the most, a weak association with lower 
educational attainment (Fletcher 2011; Jelenkovic et al. 2018; Miller, Mulvey, 
and Martin 2005). Although much of this research is negligent of health status 
in later childhood or adolescence, studies including measures of both infant 
health and later childhood health suggest that their contributions, if any, are 
largely independent of each other (Brekke 2015; Currie et al. 2010; Roos et al. 
2013). 
Self-rated health has been one of the most common indicators when 
studying the educational consequences of health at ages beyond infancy (Haas 
and Fosse 2008; Jackson 2009; Lê, Diez Roux, and Morgenstern 2013; Lynch 
and von Hippel 2016; Needham et al. 2004). Most of these studies report a 
meaningful association between self-rated health and educational attainment 
even when estimated within biological sibships differing in health status to 
control for familial confounding (Haas and Fosse 2008; Jackson 2009; Lê et 
al. 2013). Although this measure does not allow for the separation of different 
types of health problems, it has been useful in highlighting the overall 
importance of child and adolescent health in educational attainment. It can 
also be considered an advancement compared with the even older tradition of 
using height as a marker of childhood health (Case and Paxson 2010; Power, 
Manor, and Li 2002). 
In studies informative of different types of health problems, three 
approaches to measurement can be identified: using combination indicators 
of somatic conditions or mental disorders (Evensen et al. 2016; Van Der Heide 
et al. 2016; Layte and McCrory 2013; Maslow et al. 2011; De Ridder et al. 2013; 
Roos et al. 2013; Smith 2009; Uiters et al. 2014); closely examining a single 
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health condition, such as type 1 diabetes or ADHD (Boman et al. 2010; 
Dahlquist and Källén 2007; Fletcher 2010; Fried et al. 2016; Needham 2009); 
and analyzing a few chosen health conditions within a single study 
(Champaloux and Young 2015; Forrest et al. 2013). Some of these studies 
include both combination indicators and individual health conditions, but 
surprisingly few studies have simultaneously examined the impact of different 
types of somatic conditions and mental disorders. Although some authors 
have access to data including individual health conditions, they are unable to 
analyze them individually because of a small sample size (Smith 2009). Based 
on studies that include measures of both somatic conditions and mental 
disorders, it seems that the average association of mental disorders with 
educational outcomes is stronger than that of somatic conditions (Layte and 
McCrory 2013; Roos et al. 2013; Uiters et al. 2014). 
With regard to individual somatic conditions, there is a lot of variation in 
the associations reported in previous studies. Most evidence shows that 
asthma is not associated with lower school performance or educational 
attainment (Mazurek, Schleiff, and Henneberger 2012; Roos et al. 2013; Ross 
et al. 1992) although it seems to increase the number of missed school days 
(Moonie et al. 2006). By contrast, type 1 diabetes predicts impaired school 
performance and school dropout in some studies (Dahlquist and Källén 2007; 
Fletcher and Richards 2012; Persson et al. 2013), but not all studies report 
associations (Lloyd, Robinson, and Fuller 1992; Wennick et al. 2011). As for 
childhood cancer, the overall consensus seems to be that those recovering 
from the condition do not experience long-term educational harm, except for 
possibly in the case of leukemia and central nervous system tumors (Boman et 
al. 2010; Ghaderi et al. 2016; Koch et al. 2004; Kuehni et al. 2012; Lancashire 
et al. 2010). Inflammatory bowel disease (Mayberry et al. 1992; Singh et al. 
2015) and rheumatoid arthritis (Foster et al. 2003) are unrelated to education 
in previous studies, but the evidence is mostly based on too-small samples to 
draw solid conclusions. Although the impact of epilepsy on cognition has been 
examined in previous studies (Hermann and Seidenberg 2007), there is little 
evidence of its impact on educational attainment. 
Conduct disorder, ADHD, substance misuse, and psychotic disorders have 
typically been associated with the largest reductions in educational attainment 
in studies examining the impact of individual psychiatric and 
neurodevelopmental conditions (Breslau et al. 2008; Evensen et al. 2016; 
Fried et al. 2016; Frissen et al. 2015; Goulding, Chien, and Compton 2010; 
Isohanni et al. 2001; S. L. Johnson et al. 1999; Kessler et al. 1995; McLeod and 
Kaiser 2004; McLeod et al. 2012; Miech et al. 1999). Evidence on the 
contribution of disorders belonging to the “internalizing” spectrum, such as 
depression and anxiety, is more inconclusive. Some studies do not observe an 
association, especially when adjusting for familial confounders (Breslau et al. 
2008; Fergusson and Woodward 2002; J. G. Johnson et al. 1999; Miech et al. 
1999), whereas Fletcher (2010) shows depression to predict a large increase in 
high school dropout even in sibling comparisons. Moreover, some earlier 
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research implies that the association between internalizing spectrum 
disorders and educational outcomes is fully explained by comorbid 
externalizing spectrum disorders, such as conduct disorders, ADHD, and 
substance misuse (Breslau et al. 2011; Evensen et al. 2016; Fergusson and 
Woodward 2002). 
3.2 THE DIFFERENT STAGES OF SELECTION 
Regardless of what types of health problems are included, most previous 
studies examine the completion of upper-secondary education, i.e., high 
school or other education covering phase three in the International Standard 
Classification of Education, typically completed at approximately ages 16–19 
(Fried et al. 2016; Van Heesch et al. 2012; Van Der Heide et al. 2016; Maslow 
et al. 2011; De Ridder et al. 2012; Stoep et al. 2003). In addition, a large part 
of previous research measures the timely completion of upper-secondary 
education (Breslau et al. 2011; Haas and Fosse 2008; Jackson 2009) rather 
than the ultimate completion probably because of the weak availability of 
datasets combining the measurement of early health problems with a long 
follow-up of educational attainment. On the other hand, the primacy of upper-
secondary completion is justified by the fact that in most education systems it 
signifies the end of compulsory schooling and divides individuals into 
alternative educational pathways (OECD 2018:182). 
Few previous studies have been able to provide information on the impact 
of health problems on postsecondary educational outcomes. When studies 
have included postsecondary outcomes, they have mainly examined 
enrollment in tertiary education among the subgroup of young people who 
have previously attained a relevant upper-secondary degree (Evensen et al. 
2016; Fletcher 2010; Haas and Fosse 2008; Jackson 2009; McLeod and Kaiser 
2004; Needham 2009). Some of these investigations report that the 
association of poor self-rated health or depression with immediate 
postsecondary enrollment is either fully or mostly explained by the prior 
completion of secondary education (Fletcher 2010; Haas and Fosse 2008), 
whereas some studies on mental disorders report meaningful associations 
above and beyond the completion of upper-secondary education (Evensen et 
al. 2016; McLeod and Kaiser 2004; Needham 2009). As one of the few 
previous investigations to evaluate the completion of tertiary education, a 
previous study from Finland observed early-onset psychiatric disorders (onset 
before age 22) to predict a lower likelihood of both completing a secondary 
education and completing a tertiary education by age 31 (Isohanni et al. 2001). 
Many studies report that early health problems have a negative impact on 
test scores or grades received at school (Crump et al. 2013; Dahlquist and 
Källén 2007; Ding et al. 2009; Fletcher and Wolfe 2008). Although the ability 
to learn new skills and perform well at school is important for future 
educational opportunities, these studies cannot be used to draw conclusions 
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on the contribution of impaired school performance to the association 
between health problems and lower educational attainment. A small group of 
previous studies has conducted formal mediation analysis to examine the role 
of school performance as a mediator of health–schooling relationships 
(Jackson 2009; Låftman and Magnusson 2017; McLeod et al. 2012; Sagatun 
et al. 2014). Jackson (2009) observed that weakened school performance 
accounted for most of the impact of self-rated health on high school 
completion and roughly half of its impact on college attendance. In other 
mediation studies, impaired school performance explains at least half of the 
association between mental disorders and educational attainment (Låftman 
and Magnusson 2017; McLeod et al. 2012; Sagatun et al. 2014). 
Horizontal stratification—the allocation of individuals into separate tracks 
within the same educational level—is a typical subject of study in the sociology 
of education (Gerber and Cheung 2008), but previous health selection 
research has mostly examined vertical stratification. In the case of health 
problems, the question of horizontal stratification is particularly interesting 
because physically limiting health problems could also push a person toward 
pursuing a more academically oriented educational career (Teachman 2012). 
Sagatun et al. (2014) showed that externalizing and internalizing problems are 
equally predictive of dropout in the general and vocational track of upper-
secondary education in Norway. However, it remains unclear whether 
adolescents with and without health problems have an equal likelihood of 
choosing and completing these tracks. Based on results obtained in disability 
studies, adolescents with disabilities have lower university expectations 
(Chatzitheochari and Platt 2019) and are less likely to complete college 
preparatory coursework (Shifrer, Callahan, and Muller 2013). Chatzitheochari 
and Platt (2019) even show that past school performance explains 39% of the 
reduction in university expectations. 
3.3 SOCIAL ORIGIN AND HEALTH-RELATED 
SELECTION TO EDUCATION 
The background chapter introduced two ways in which social origin could be 
connected to health-related selection to education: the moderation of selection 
by parental socioeconomic resources and the mediation of the 
intergenerational transmission of education by health problems. A handful of 
previous studies examine the heterogeneity of health–schooling relationships 
between families of different SEP. In support of the resource mobilization and 
“double jeopardy” hypotheses, Jackson (2015) discovered that the association 
between childhood health conditions and test scores is weaker in families with 
high social capital. In contrast, Flouri (2007) and an earlier study by Jackson 
(2009) found support for the opposite hypothesis by showing that early 
hyperactivity and poor self-rated health, respectively, are more consequential 
for socially advantaged children. Complicating the picture further, Evensen 
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(2016) did not observe differences in the association between mental disorders 
and educational attainment according to parental education. 
Previous studies on the intergenerational transmission of education or 
other aspects of SEP have rarely assessed the significance of health problems 
as a mediator of the association. A study including data from the United States 
and Norway showed that self-rated health in adolescence mediates less than 
5% of the relationship between socioeconomic background and high school 
completion (Sznitman, Reisel, and Khurana 2017). Based on two previous 
studies, the contribution of prenatal health to the intergenerational 
transmission of SEP is equally small (Carvalho 2012; Härkönen et al. 2012). 
On the other hand, a study examining intergenerational mobility implied that 
poor self-rated health and health-related school absences clearly increase the 
likelihood of downward mobility in the social hierarchy and decrease the 
likelihood of upward mobility (Manor, Matthews, and Power 2003); similar 
results have been observed for taller height as a proxy of health (Blane, Smith, 
and Hart 2007; Cernerud 1995; Power et al. 2002). In some studies, early 
health did not contribute to the intergenerational associations, which could be 
explained by the absence of early socioeconomic disparities in health or the 
absence of health-related selection to SEPs (Hoffmann et al. 2018; Novak, 
Ahlgren, and Hammarstrom 2012). 
3.4 IDENTIFIED GAPS IN THE LITERATURE 
Overall, most previous research on the association between early health and 
educational outcomes focuses on prenatal health, proxies of health status, or 
self-rated health. There is a shortage of research comparing the impact of 
different types of health problems observed in childhood or adolescence. Even 
in studies providing information on different types of health conditions, the 
measurement is usually based on self-reports (Forrest et al. 2013), often 
collected retrospectively from adults (Breslau et al. 2008). The small sample 
sizes of previously available datasets have prevented many studies from 
examining the associations of individual conditions (Smith 2009) or forced 
them to combine certain conditions for practical rather than theoretical 
reasons (Champaloux and Young 2015). These observations are supported by 
a host of systematic reviews published during the past decade (Eide and 
Showalter 2011; Esch et al. 2014; Hale et al. 2015; Melkevik et al. 2016; 
Suhrcke and de Paz Nieves 2011). The reviews also note that the 
overrepresentation of studies coming from the United States undermines the 
generalizability of existing evidence (Hale et al. 2015; Suhrcke and de Paz 
Nieves 2011). 
Few previous studies have access to a long enough follow-up to evaluate the 
completion of tertiary education. Even in the analysis of upper-secondary 
outcomes, the follow-ups are usually too short to distinguish between delayed 
and permanently discontinued educational careers. Moreover, the analyses of 
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health-related differences in school performance have rarely proceeded a step 
further to examine the contribution of these differences to the association 
between early health problems and educational attainment. Similarly, 
although horizontal stratification is often featured in the sociology of 
education, it has received virtually no attention in previous health selection 
research. 
A large group of previous studies has been able to complement their 
adjusted analyses with sibling fixed-effects models to eradicate all 
confounding shared within sibships (Currie et al. 2010; Fletcher 2010; 
Fletcher and Wolfe 2008; Haas and Fosse 2008; Lê et al. 2013; De Ridder et 
al. 2013). However, the accurate analysis of within-sibship variation in health 
problems requires an especially large sample size (Frisell 2020), and many of 
these studies suffer from broad confidence intervals. This becomes 
particularly clear in studies attempting to use sibling fixed-effects models to 
examine the moderation of health-related selection to education by 
socioeconomic background (Evensen et al. 2016; Jackson 2009). Overall, 
current evidence on the intergenerational aspects of the association between 
early health and educational outcomes is mixed and mostly based on self-




4 THE AIMS OF THE STUDY 
The present thesis broadens our understanding of health-related selection to 
education in several important ways. The work divides into three sub-studies, 
each of which addresses a specific set of questions that have received little 
attention in previous studies. At the same time, all sub-studies share the 
common goal of using data on medical diagnoses and treatment (instead of 
self-rated health) to examine the role of different types of health problems 
(instead of a single health condition) in adolescence (instead of at birth or in 
early childhood) as determinants of educational outcomes in a Nordic welfare 
state (instead of the United States). 
Although self-rated health has been shown to be predictive of “objective” 
health outcomes (Idler and Benyamini 1997), information on the effects of 
different types of health problems is arguably more useful when targeting 
preventive efforts. The present investigation pays particular attention to the 
division between somatic conditions and mental disorders, featured in a 
slightly different format in all three sub-studies. When the effects of different 
types of health problems are assessed in the same study (i.e., using the same 
data and study design), comparing their relative contribution to educational 
outcomes becomes more valid. All sub-studies measure health problems in 
early adolescence (at ages 10–16), thus capturing a potential sensitive period 
involving the last years of compulsory schooling close to application to upper-
secondary education. For the present study, the important question is which 
conditions are either severe or long-term enough to potentially cause 
disruptions in educational careers. 
Sub-study I identifies the associations between a wide range of health 
conditions and dropout from upper-secondary education. The term “dropout” 
is used to refer to the combination of non-participation and non-completion 
measured at ages 17 and 21, with the idea of capturing both immediate (age 17) 
and more persistent (age 21) associations of health problems. As one of its 
central aims, the study seeks to provide an overall picture of health selection 
by simultaneously focusing on 3 combination groups of health problems 
(somatic conditions, mental disorders, and injuries) and 25 specific health 
conditions. The impact of health problems is assessed based on two 
complementary perspectives: by comparing relative risks of dropout between 
adolescents with and without health problems and by examining the 
population-level contribution of health problems to dropout with population-
attributable fractions. The study also examines the significance of sex 
differences and comorbidity for the associations. 
Sub-study II delves into the mechanisms of selection by identifying the 
contribution of weakened school performance (measured by grade point 
average at the end of compulsory schooling) to health-related differences in 
upper-secondary educational outcomes. In addition to analyzing failure to 
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complete upper-secondary education by age 23, the study introduces a novel 
perspective on selection by examining the effect of health problems on upper-
secondary track choice (general vs. vocational). The analysis takes advantage 
of the counterfactual mediation framework to decompose the total effect of 
health problems into direct and indirect components. Health-related selection 
to education is assessed with regard to broad groups of somatic conditions and 
mental disorders as well as four more specifically defined groups of health 
conditions. The study is also able to conduct the same decompositions within 
sibships to adjust for all observed and unobserved confounders shared by 
biological siblings. 
Sub-study III examines the connections between social origin and health 
selection. Educational attainment is followed until age 27, which enables the 
separate analysis of selection to secondary and tertiary education. The latter is 
only analyzed among young adults with completed secondary education—a 
prerequisite for entering tertiary education. However, even among those who 
complete secondary education, the decision to continue to tertiary education 
is often foreshadowed by the choice between a general and a vocational track 
in upper-secondary education. To examine whether selection to tertiary 
education operates, to some extent, independent of secondary education, an 
additional analysis adjusts for upper-secondary track choice. The presence of 
adolescent health problems is assessed with three groups that aim to capture 
different aspects of health: chronic somatic conditions, frequent infections, 
and mental disorders. 
The role of social origin is examined from two interrelated perspectives: the 
moderation of health selection by parental education and the mediation of the 
intergenerational transmission of education by health problems. As for the 
moderation analysis, the idea is to investigate whether health-related selection 
to education applies equally to everyone regardless of parental education. As 
noted in the literature review, there are reasons to expect that the associations 
could be weaker in families with high parental education, but the reverse may 
well be the case. Both the main effect and moderation analyses are 
strengthened with sibling comparisons. The analysis on the intergenerational 
transmission of education rests on the assumption that (1) high parental 
education is inversely associated with adolescent health problems and (2) 
adolescent health problems are in turn associated with lower educational 
attainment. While the latter assumption is at the core of the present thesis, the 
former association is adjusted for in the other sub-studies. Figure 1 illustrates 




Figure 1 A simplified causal framework summarizing the associations examined in sub-
studies I–III. Interactions and confounders (see Methods section) have been 
omitted for clarity. 
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5 THE FINNISH CONTEXT 
In many ways, the Finnish education system provides an extraordinary setting 
for studying the basic processes of health-related selection to education. Most 
importantly, education is tuition-free at all levels, which ensures that the 
connections between health and educational opportunity are more likely 
caused by social, psychological, or cognitive factors rather than a necessity to 
decide between healthcare costs and tuition fees. This benefit is made even 
clearer by the fact that pediatric healthcare is highly subsidized in Finland. 
Another important aspect of the Finnish education system for health-related 
selection is that there are no official dead-ends: regardless of the study track 
of the previously attained degree, it is always possible to apply for further 
education (Pekkarinen, Uusitalo, and Kerr 2009). This guarantees that 
failures and misguided decisions in the past do not automatically restrict one’s 
educational opportunities in the future. 
Figure 2 outlines the Finnish education system. With negligible exceptions, 
all cohorts included in the analyses of this dissertation have gone through the 
same system. Compulsory basic education lasts nine years and is provided by 
comprehensive schools. Finnish pupils usually complete their compulsory 
schooling in 9 years between ages 7 and 16, although some pupils may opt for 
an additional tenth year to improve their grades (OECD 2013). Comprehensive 
schools are allowed to provide weighted-curriculum education in certain 
subjects, but in general the Finnish basic education contains little 
achievement-based tracking (OECD 2013). More than 99% of Finnish pupils 
receive a school-leaving certificate within 10 years from the start of their 
educational career (Finnish National Agency for Education 2020b). 
After completing compulsory schooling, adolescents may apply for upper-
secondary education, which divides into a general track and a vocational track 
(or rarely, a combination of these), both lasting three years on average. A 
corresponding division between academically oriented and vocational 
programs can be found in many countries (OECD 2018:182). Acceptance to 
the preferred study program is predominantly determined by grade point 
average at the end of compulsory schooling, comprising theoretical subjects 
when applying to a general track and all subjects when applying for a 
vocational track. Although both tracks grant eligibility to apply for all types of 
tertiary education (Pekkarinen et al. 2009), general upper-secondary 
education is more academically oriented, whereas vocational programs 
prepare individuals to work in manual and lower non-manual jobs. Tertiary 
education is provided by academic universities and universities of applied 
sciences, acceptance to which is mainly based on the matriculation 
examination (the final examination in general upper-secondary schools) or a 




Figure 2 An overview of the Finnish education system based on the International Standard 
Classification of Education, ISCED 2011. Source: Ministry of Education and Culture 
(2020). 
The completion of upper-secondary education receives particular attention in 
this dissertation because it is undoubtedly the most consequential of all post-
compulsory educational outcomes. Adolescents who do not attain any upper-
secondary degree are especially likely to experience unemployment and 
poverty and to engage in criminal offending (Maynard, Salas-Wright, and 
Vaughn 2015; OECD 2012). The percentage of young people aged 17–24 who 
did not participate in upper-secondary education decreased from 16.5% 
among men and 11.9% among women in 1995 to 9.3% and 6.4%, respectively, 
in 2018 (Figure 3). However, if we examine the percent of young adults aged 
25–29 who had not completed any upper-secondary degree in the same time 
period, it seems that a large proportion of the new participants to upper-
secondary education failed to complete their studies. 
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Figure 3 The proportion of Finnish men and women aged 25–29 without upper-secondary 
education in 1995–2018 as well as the proportion of men and women aged 17–24 
not enrolled in upper-secondary education and not having an upper-secondary 
degree in the same period. Sources: Statistics Finland (2020a) and the National 
Institute for Health and Welfare (2020). 
During the past decade, the relative popularity of general and vocational 
upper-secondary education has fluctuated between 45% and 55% (Finnish 
National Agency for Education 2020b). Despite the lack of formal connections 
between upper-secondary and tertiary degrees, upper-secondary track choice 
is strongly predictive of decisions to pursue tertiary education. Among first-
time students in academic universities, roughly nine out of ten have completed 
the general track in upper-secondary education. In the more practically 
oriented universities of applied sciences, the proportion is still nearly six out 
of ten among students without an earlier tertiary degree (Finnish National 
Agency for Education 2020b). Besides analyzing the effect of health problems 
on the completion of upper-secondary education, the present thesis seeks to 
achieve a more nuanced picture of health selection by examining upper-
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6 DATA AND METHODS 
6.1 DATA AND STUDY POPULATION 
The three sub-studies included in this dissertation used data derived from 
Finnish administrative registers. All Finnish residents have a personal 
identification number, which can be used to link information between 
different registers. For research purposes, Statistics Finland extracts the 
required information and replaces personal identification numbers with 
artificial identifiers. The data files were accessed through a remote-access 
system. Statistics Finland approved the use of register data in the present 
study (permission number TK-53-525-11). 
In practice, the sub-studies were based on two different versions of the 
same dataset. The study populations of sub-studies I and II were derived from 
a 20% random sample of Finnish households with children aged 0–14 at the 
end of 2000, whereas by the time of sub-study III, total population data on all 
Finnish children aged 0–14 in 2000 had become available. In both cases, the 
data included all biological mothers and fathers who could be linked to their 
children with parental identification numbers. The question of which birth 
cohorts could be included in the analyses was largely dictated by the 
availability of education follow-up, gradually increasing from the year 2012 to 
the year 2018 during the study process. Altogether, the analyses covered 
individuals born in 1986–1995, but each sub-study included a slightly different 
set of birth cohorts (see Table 1 for a summary of study characteristics). 
Besides the selection of birth cohorts, some exclusions were made to the 
original sample to support the validity of statistical inference. First, all sub-
studies focused only on children living in mainland Finland, thus excluding 
those who dwelled in the Åland islands. This was because Åland islanders 
commonly pursue secondary and tertiary education in Sweden. Second, all 
sub-studies excluded children with intellectual disabilities because these 
individuals are often engaged in alternative forms of schooling and workshops 
that do not grant a regular upper-secondary or tertiary degree. Third, the 
analyses excluded persons who did not live in Finland in the key measurement 
years, i.e., the years of age at which health problems (ages 10–16) and 
educational outcomes (see Table 1) were measured. Fourth, sub-studies II and 
III restricted their analyses to children who lived with at least one parent at 
ages 10–14 to measure family sociodemographic and socioeconomic factors 
more accurately. Finally, to identify biological siblings for the sibling fixed-
effects models, both biological parents had to be available in the registers. 
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Table 1. Characteristics of sub-studies I–III 
 Sub-study I Sub-study II Sub-study III 
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6.2 EDUCATIONAL OUTCOMES 
Statistics Finland provided annual data on completed degrees and enrollment 
in educational institutions. Sub-study I used these data sources in concert to 
form an indicator of dropout from upper-secondary at ages 17 and 21. Sub-
study II used data on attained degrees to measure the completion of upper-
secondary education by age 23 in general and the completion of the vocational 
track (instead of the general track) in particular. Sub-study III formed two 
dummy variables to measure the completion of upper-secondary and tertiary 
education by age 27. In a sensitivity analysis, data on enrollment was used as 
a proxy for future degrees. 
Sub-study II measured school performance based on grade point average 
at the end of compulsory schooling (most typically at age 16), derived from the 
Joint Application Register of the Finnish National Board of Education. Grade 
point average is the arithmetic mean of 11–13 theoretical subjects (i.e., artistic 
and practical subjects are not considered), graded with integers ranging from 
4 to 10. It is recorded in the register at the precision of two decimals. All 
teachers are expected to follow the same national grading guidelines, but the 
lack of standardized tests leaves some room for teacher- and school-level 
variation in grading practices. Additionally, sub-study II used data from the 
application register to form an alternative, more direct indicator for track 
choice: choosing the vocational track as the first preference when applying to 
upper-secondary education for the first time. 
6.3 HEALTH PROBLEMS 
The definition of early-adolescent “health problems” or “health conditions” 
was one of the recurring challenges throughout the research process. At an 
early stage it became obvious that no ready-made solution was available 
because adolescence is in general characterized by a low prevalence of severe 
health conditions. What is more, the availability of diagnosis-level data 
involved almost endless possibilities compared with the majority of previous 
studies relying on widely used survey datasets, such as the NLSY97 in the 
United States (Jackson 2009). Consequently, all three sub-studies used a 
slightly different definition and classification of health problems, which was 
beneficial in evaluating the generalizability of the results across definitions. All 
sub-studies measured the presence of health conditions at ages 10–16. 
Sub-study I used nationally representative data on visits to inpatient and 
outpatient care, delivered by the National Institute for Health and Welfare. 
The data included primary ICD-10 (International Statistical Classification of 
Diseases and Related Health Problems, 10th edition) diagnoses that were used 
to identify broad groups of somatic conditions (A00–E89, G00–N99, P00–
Q99), mental disorders (F10–F69, F80–F99), and injuries (S00–S99, T00–
T14). Within these broad categories, the study further identified 25 specific 
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health conditions that were commonly featured either in previous health 
selection research (e.g., asthma, type 1 diabetes, and ADHD) or the pediatric 
literature on cognitive outcomes or quality of life (e.g., epilepsy, eating 
disorders, and intracranial injury).  
The main analyses of sub-study II were based on broad groups of somatic 
conditions (A00–E89, G00–N99, Q99) and mental disorders (F10–F69, F90–
F99), identified using inpatient and outpatient data. With the purpose of 
capturing more severe somatic conditions on average, the study also included 
two alternative definitions: the reception of treatment for somatic conditions 
in 4+ years at ages 10–16 and the presence of diagnoses categorized as 
pediatric complex chronic conditions (Feudtner et al. 2014). To examine the 
relative weight of externalizing and internalizing spectrum mental disorders, 
the study included combined groups of ADHD and conduct disorders 
(externalizing), as well as depression and anxiety (internalizing). These groups 
were mutually adjusted for each other in the analyses. 
Sub-study III used a stricter definition of somatic conditions than the other 
two sub-studies. With the specific purpose of identifying educationally 
relevant health conditions for the moderation and mediation analyses, a group 
of chronic somatic conditions was defined based on 10 conditions that have 
been associated with educational outcomes in previous studies: type 1 
diabetes, epilepsy, cancer, dorsopathy/spinal disease, migraine and other 
headache syndromes, congenital heart disease, atopic dermatitis, visual or 
hearing impairment, rheumatoid arthritis, and obesity. In contrast, the group 
of mental disorders corresponded to the one used in sub-study II. In addition 
to data on inpatient and outpatient care, sub-study III identified chronic 
health conditions using data on special reimbursement rights for long-term 
medication to supplement the groups of somatic conditions (type 1 diabetes, 
epilepsy, rheumatoid arthritis, and cancer) and mental disorders (psychosis) 
where relevant. The reimbursement rights are issued by specialist doctors and 
collected to a national register upheld by the Finnish Social Insurance 
Institution. Additionally, sub-study III included an indicator of frequent 
infections to reflect long-term illness burden that could remain unnoticed in 
specialized care data. Here, data on prescription drug purchases, delivered by 
the Finnish Social Insurance Institution, were used to identify the number of 
antimicrobial drug purchases at ages 10–16. Having at least seven purchases 
(one per year on average) was considered an indicator of frequent infections. 
6.4 ADDITIONAL COVARIATES 
All sub-studies adjusted for sex, birth year, maternal age at birth, and sibship 
size. The sub-studies also included slightly different sets of additional control 
variables, dictated by the study design and the availability of data. To stabilize 
annual fluctuations, living conditions and socioeconomic factors were 
measured as means or modes at ages 10–15 in sub-study I and at ages 10–14 
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in sub-studies II and III. All control variables were derived from the 
population registers of Statistics Finland. 
The additional control variables of sub-study I included birth quarter 
(derived from birth month), immigrant status (native-born/second 
generation/first generation), household income quintile (adjusted for 
consumption units), highest parental education (basic/secondary/lower 
tertiary/higher tertiary), family type (two parents/single parent/other), 
persons per room (1–2/2 or more/unknown), region of residence (Capital 
region + European Union NUTS 2 region), and type of municipality 
(urban/semi-urban/rural). 
Sub-study II additionally adjusted for mother tongue 
(Finnish/Swedish/other), country of birth (Finland/other), family type (two 
parents/single parent), highest parental education (higher tertiary/lower 
tertiary/short-cycle tertiary/upper secondary/basic), household disposable 
income, region of residence (18 regions), and geographical urban–rural 
classification (inner-urban/outer urban/peri-urban/local centers in rural 
areas/rural areas close to urban/rural heartland/sparsely populated rural). 
Sub-study III controlled for mother tongue (as in sub-study II), family type 
(two parents/mother only/father only), the highest level of education among 
biological parents (tertiary/secondary/basic), region of residence (18 regions), 
and urban rural classification (as in sub-study II). The same indicator of 
parental education was used in the analyses on moderation by parental 
education and the intergenerational transmission of educational attainment. 
6.5 STATISTICAL ANALYSIS 
6.5.1 POISSON REGRESSION AND POPULATION-ATTRIBUTABLE 
FRACTIONS 
Sub-study I used the so-called modified Poisson regression model to estimate 
the risk ratios (RR) of dropout according to the presence of health problems. 
The preferred approach to estimating risk ratios, the log-binomial model, is 
known for its convergence issues (Yelland, Salter, and Ryan 2011). However, 
it has been shown that the Poisson regression model produces similar results 
for binary outcomes when the model is “modified” with robust standard errors 
(Zou 2004). Risk ratios were preferred over odds ratios both because they are 
more intuitive to interpret and because they are collapsible, i.e., their 
magnitude does not change with the inclusion of covariates unrelated to the 
exposure (Sjölander, Dahlqwist, and Zetterqvist 2016). 
In the second phase of sub-study I, the crude and adjusted risk ratios were 
processed further into population-attributable fractions (PAF). The 
calculation of PAFs takes into account the prevalence of health conditions to 
evaluate the percentage reduction in dropout following the elimination of a 
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given health condition. As noted by Rockhill, Newman, and Weinberg (1998), 
different formulas should be used when calculating crude and adjusted PAFs: 
(1)  
where PT is the overall prevalence of the health condition and RRC is the crude 
risk ratio; 
(2)  
where PD is the prevalence of the health conditions among adolescents 
dropping out and RRA is the adjusted risk ratio. 
6.5.2 COUNTERFACTUAL-BASED MEDIATION ANALYSIS 
Sub-study II took advantage of the counterfactual/causal mediation 
framework, which is based on the idea of potential outcomes. When causal 
inference is viewed through the lens of potential outcomes, it becomes a 
missing data problem because we can observe only one potential outcome for 
each person (Rubin 2004). For instance, we do not know what the educational 
attainment of persons with health problems would have been had these 
persons not encountered health problems, and vice versa. Along the same 
lines, we cannot observe the impact of a mediator (here, school performance) 
on the outcome (upper-secondary education) isolated from the exposure 
status (the presence of health problems). In a nutshell, the counterfactual 
approach to mediation analysis involves the imputation of missing potential 
outcomes and the calculation of population-averaged direct and indirect 
effects using these outcomes (Wang and Arah 2015). Note that the word 
“effect” is used to refer to the ideal outcome of estimation, assuming that all 
relevant confounders have been adjusted for. 
Following the definitions of VanderWeele (2013), we decomposed the total 
effect of health problems into three components: pure direct effect (part 
unexplained by school performance), pure indirect effect (health problems 
reduce school performance, which results in expectedly large changes in non-
completion / track choice), and mediated interaction effect (health problems 
reduce school performance, resulting in larger or smaller than expected 
changes in non-completion / track choice). Pure indirect effect and mediated 
interaction effect together summarize the indirect effect of health problems on 
upper-secondary educational outcomes via school performance (VanderWeele 
2013). The population-averaged effects are defined as follows: 
(3) Total effect  
(4) Pure direct effect  
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(5) Pure indirect effect  
(6) Mediated interaction effect  
where x refers to the presence of health problems and x* to their absence; Y is 
the educational outcome; and M is school performance. 
To provide an alternative picture of the part of selection unexplained by 
school performance, we also calculated controlled direct effects, in a 
hypothetical intervention of fixing school performance at the 75th and 90th 
percentiles of the original distribution for everyone (Wang and Arah 2015). 
Controlled direct effects are defined by 
(7) Controlled direct effect  
where m is the fixed mediator value. 
There are several ways to estimate the effects suggested by the 
counterfactual mediation framework. Sub-study II used the parametric g-
computation algorithm, which has been shown to produce more stable 
estimates and smaller standard errors than the alternative weighting-based 
approaches (Vansteelandt, Bekaert, and Lange 2012). Compared with other 
methods popular in social sciences (e.g., Baron and Kenny’s method and the 
Karlson–Holm–Breen method), the counterfactual mediation framework 
allows for the explicit estimation of exposure–mediator interactions (Wang 
and Arah 2015). 
In the first step of the g-computation procedure, we fitted an ordinary least 
squares model for the mediator (school performance) and a logistic regression 
model for the outcome (non-completion / choosing the vocational track). Both 
models included a health problem indicator and all confounders as covariates; 
the outcome model also included school performance. In the second step, the 
mediator model was used to simulate two potential levels of school 
performance for each person in the sample: school performance in the absence 
of health problems and in the presence of health problems. When calculating 
controlled direct effects, the mediator values were simply set by hand at the 
desired level for everyone. In the third phase, the potential values of the 
mediator and the parameters of the outcome model were used to predict the 
desired potential outcomes. Finally, these potential outcomes were used to 
calculate the effects of interest, outlined above, and bootstrapping was used 
for obtaining confidence intervals. 
Based on within-sibship variation in health problems and school 
performance, the same procedure was also run using sibling fixed-effects 
models to adjust for all confounding shared by biological siblings (Frisell 
2020). The sibling fixed-effects linear probability models were specified as 
follows: 
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(8)  
where f refers to families and i to individuals within families; Z represents 
individual-level confounders that vary between siblings (sex in sub-study II); 
and θf is a set of sibling group indicators. Linear probability models allowed 
the direct extraction of family-level intercepts used in the prediction step. The 
g-computation procedure is described more thoroughly in the article. 
6.5.3 LINEAR PROBABILITY MODELS AND MEDIATION 
DECOMPOSITIONS 
Sub-study III used linear probability models to estimate both the basic 
associations between health problems and educational outcomes and the 
interactions between parental education and health problems. Linear 
probability models were chosen because they allow for the direct estimation of 
interactions in the additive probability scale, which has a more natural 
interpretation than the multiplicative scale: a non-zero interaction term shows 
that the combined effect of parental education and health problems is either 
smaller or larger than the additive effect of the two factors (VanderWeele and 
Knol 2014). In sub-study III, the additive interactions were interpreted as 
evidence of moderation by parental education because parental education 
temporally preceded both health problems and offspring education. The 
models for secondary education included the whole study population, whereas 
the models for tertiary education included the sub-population who had 
attained secondary education. In addition to the conventional adjustment for 
confounders, the study used sibling fixed-effects linear probability models 
(adjusted for birth year and sex) to eradicate all shared familial confounding 
(see the formula above). The models for tertiary education were also re-
estimated by adjusting for upper-secondary track choice to evaluate the 
contribution of earlier selection processes to the completion of tertiary 
education. 
To estimate the contribution of health problems to the intergenerational 
transmission of education, sub-study III conducted a highly similar g-
computation procedure as the one used in sub-study II for controlled direct 
effects. The procedure began with the estimation of a logistic regression model 
for the completion of secondary/tertiary education with parental education, 
all health problem indicators, and all confounders included as covariates. 
However, this time the model parameters were first used to predict a so-called 
natural course scenario, which was effectively a model-based reproduction of 
the real-world average probabilities of completing a secondary/tertiary 
education according to parental education (Bijlsma et al. 2019). The 
differences in the average probabilities showed the total effect of parental 
education. In the next step, all health problem indicators were set to zero for 
everyone to predict a counterfactual scenario where early-adolescent health 
problems were, hypothetically, eradicated. The remaining differences showed 
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the controlled direct effect of parental education, whereas the difference 
between the total effect and the controlled direct effect indicated the portion 





7.1 DROPOUT FROM UPPER-SECONDARY EDUCATION 
Sub-study I examined the total contribution of different types of early-
adolescent somatic conditions, mental disorders, and injuries—both broader 
groups and specific health conditions—to dropout from upper-secondary 
education. Table 2 presents the adjusted risk ratios (RR) of dropout at age 21 
in relation to the broad categories of health conditions as well as the chosen 
specific health conditions. A similar analysis was conducted with regard to 
dropout status at age 17 to examine the contribution of health problems to 
delays in educational careers. At both ages, the groups of any condition, 
somatic conditions, mental disorders, and injuries were meaningfully 
associated with dropout even when adjusted for a large number of 
sociodemographic and socioeconomic confounders. The RRs related to 
somatic conditions and mental disorders were larger in the short term (age 17) 
than in the long term (age 21). 
Only some specific somatic conditions were associated with dropout. 
Epilepsy, congenital heart disease, and severe infection strongly increased the 
risk of dropout at both ages, whereas asthma, type 1 diabetes, and rheumatoid 
arthritis made little difference. Cancer and visual or hearing impairment were 
highly predictive of dropout status at age 17 but were no longer predictive at 
age 21. Different types of mental and neurodevelopmental disorders were 
consistently associated with dropout throughout their spectrum. Psychosis 
and pervasive developmental disorder showed the greatest RRs, but their 
prevalence was also the lowest of all conditions. As for injuries, there was 
evidence of increasing risks with increasing severity (fractures vs. intracranial 
injuries). 
Table 2 also showcases PAFs, which can be used to evaluate the population-
level contribution of different types of health conditions to dropout from 
upper-secondary education. The adjusted PAF related to having any health 
condition at ages 10–16 was about 21%, whereas mental disorders alone 
accounted for 11% of dropout at age 21. The PAFs also elucidated the fact that 
although severe mental disorders, such as psychosis, show large RRs with 
dropout, their population-level contribution is likely to remain limited because 




Table 2. Adjusted (for sex and control variables) risk ratiosa (RR with 95% confidence 
intervals, CI) and population-attributable fractions (PAF) of dropout from upper-secondary 







PAF   95% CI 
Any condition 56.85 1.46 (1.37-1.54) 21.41 
Somatic conditions 35.56 1.15 (1.09-1.22) 5.34 
Asthma 4.74 1.02 (0.91-1.16) 0.13 
Allergy 3.23 0.91 (0.78-1.07) -0.29 
Dorsopathy 1.88 1.07 (0.88-1.30) 0.13 
Migraine or severe headaches 1.37 1.21 (0.98-1.49) 0.30 
Severe infection 0.96 1.37 (1.08-1.73) 0.36 
Type 1 diabetes 0.71 1.09 (0.82-1.47) 0.07 
Visual or hearing impairment 0.73 1.08 (0.81-1.44) 0.07 
Epilepsy 0.83 1.60 (1.28-2.01) 0.53 
Congenital heart disease 0.49 1.47 (1.08-2.01) 0.24 
Rheumatoid arthritis 0.41 1.29 (0.88-1.89) 0.11 
Celiac disease 0.21 1.05 (0.56-1.98) 0.01 
Inflammatory bowel disease 0.22 0.91 (0.47-1.78) -0.02 
Cancer 0.18 0.84 (0.40-1.79) -0.03 
Cerebral palsy 0.16 1.73 (0.98-3.07) 0.11 
Other somatic conditions 28.03 1.18 (1.11-1.24) 4.87 
Mental disorders 7.96 2.18 (2.04-2.33) 10.76 
Unipolar depression 1.78 2.26 (2.00-2.56) 2.63 
Specific developmental disorder 1.63 1.57 (1.36-1.81) 1.22 
Conduct disorder 1.24 2.64 (2.36-2.94) 3.42 
Anxiety 0.84 2.43 (2.06-2.86) 1.34 
ADHD 0.48 1.89 (1.51-2.37) 0.66 
Eating disorder 0.47 1.44 (1.00-2.07) 0.16 
Substance-abuse disorder 0.53 2.37 (1.99-2.83) 1.03 
Pervasive developmental disorder 0.35 1.90 (1.42-2.53) 0.42 
Psychosis 0.29 2.74 (2.13-3.52) 0.60 
Other mental disorders 2.95 1.96 (1.78-2.16) 3.69 
Injury 17.55 1.26 (1.18-1.34) 4.75 
Fracture 8.74 1.13 (1.04-1.23) 1.30 
Intracranial injury 1.36 1.29 (1.07-1.55) 0.44 
Other injury 9.85 1.34 (1.25-1.45) 3.62 
aRisk ratios (RR) in bold statistically significant at the 0.05 level 
bSeparate models for different health conditions       
cPopulation born in 1988–1995        
 
The last aim of sub-study I was to examine sex differences and comorbidity. 
Figure 4 presents the sex-specific RRs of the broad groups of health conditions 
at age 21. Somatic conditions and mental disorders were associated with larger 
RRs of dropout among girls than boys. However, at age 17, there were no sex 
differences in the strength of the associations, and even at age 21, the 
Results 
54 
(unadjusted) absolute increase in the probability of dropout at age 21 between 
adolescents with and without mental disorders was 13.9 percentage points for 
girls and 16.0 percentage points for boys. When all three types of health 
conditions were included in the model simultaneously, the associations of 
somatic conditions became even weaker than in the models only adjusting for 
control variables. A further analysis, omitting injuries, revealed that this 
decrease in effect size was fully attributable to mental disorders. When a 
similar comorbidity analysis was conducted for the more specifically defined 
health conditions (all 25 health conditions were included simultaneously), the 
previously reported associations became weaker but remained substantially 
similar. As an exception, the associations of dorsopathies and eating disorders 
virtually vanished at this point. 
 
Figure 4 Crude and adjusted RRs of dropout from upper-secondary education at age 21 
(n = 50,327) according to the presence of health conditions at ages 10–16 years by 
sex and the type of health condition: 95% CIs for Model 1 (M1) and P values (in 
parentheses) for the sex difference in Model 2 (M2). 
7.2 UPPER-SECONDARY NON-COMPLETION AND 
TRACK CHOICE—THE ROLE OF SCHOOL 
PERFORMANCE 
Sub-study II extended the analysis of health-related selection to upper-
secondary education by simultaneously focusing on non-completion and track 
choice (general track vs. vocational track) and by assessing poor school 
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performance (as measured by grade point average) as a potential mechanism 
explaining the associations. Figure 5 depicts the results of a three-way 
mediation decomposition, which divided the total effect of health problems on 
non-completion into a pure direct effect (part unexplained by school 
performance), a pure indirect effect (health problems affect school 
performance and this change affects educational outcomes as much as could 
be expected), and a mediated interaction effect (health problems affect school 
performance and this change affects educational outcomes either more or less 
than could be expected). The decomposition was conducted both adjusting for 
confounders and using sibling fixed-effects models. 
 
Figure 5 A three-way decomposition of the total effect of somatic conditions and mental 
disorders at ages 10–16 on the probability of not completing upper-secondary 
education by age 23, mediated by grade point average. Adjusted models adjust for 
all control variables, whereas sibling fixed-effects (FE) models adjust for sex. 
Overall, adolescents who experienced somatic conditions at ages 10–16 had a 
2.3 percentage point higher likelihood of not attaining any type of upper-
secondary education by age 23. For those experiencing mental disorders in 
early adolescence the same decrease was 19.2 percentage points. Up to 22% of 
the effect of somatic conditions and 31% of the effect of mental disorders was 
due to reductions in school performance, which was mostly due to a process 
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where the reductions in school performance resulted in expectedly large 
increases in non-completion (pure mediation instead of mediated interaction). 
However, in the case of mental disorders, the analysis also produced a small 
(positive) mediated interaction effect, indicating that reductions in school 
performance lead to larger-than-expected increases in non-completion. In 
sibling fixed-effects models, the total effects were roughly half of the adjusted 
total effects and the contribution of poor school performance became slightly 
smaller. 
 
Figure 6 A three-way decomposition of the total effect of somatic conditions and mental 
disorders at ages 10–16 on the probability of completing the vocational track 
instead of the general track in upper-secondary education by age 23, mediated by 
grade point average. Adjusted models adjust for all control variables, whereas 
sibling fixed-effects (FE) models adjust for sex. 
When similar decompositions were conducted for upper-secondary track 
choice, somatic conditions increased the likelihood of choosing the vocational 
track (instead of the general track) by 3 percentage points and mental 
disorders by 16 percentage points (Figure 6). Proportions mediated by grade 
point average were seemingly larger than in the case of non-completion—more 
than 50%—and they were fully due to pure mediation. The effects observed in 
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sibling fixed-effects models were roughly one-third of the original effects, but 
the conclusions regarding mediation remained substantially similar. 
The analysis on track choice pertained only to those attaining an upper-
secondary degree by age 23, and even in this group, the analysis ignored the 
process that lead to the completion of the observed track. In a sensitivity 
analysis, the outcome variable was defined as listing the vocational track as the 
first preference when participating for the first time in the upper-secondary 
school application process. Notably, the decomposition results were nearly 
identical with the original three-way decomposition based on completed 
education. 
In additional analyses, externalizing spectrum disorders (ADHD and 
conduct disorders) showed both larger total effects and stronger mediation by 
school performance than internalizing spectrum disorders (depression and 
anxiety). The more strictly defined indicators of somatic conditions (treatment 
in 4+ years and complex chronic conditions) showed total effects that were 
comparable to that of the broad group of somatic conditions. However, school 
performance did not mediate the association between complex chronic 
conditions and educational outcomes. 
7.3 THE CONNECTIONS BETWEEN PARENTAL 
EDUCATION AND HEALTH-RELATED SELECTION 
TO EDUCATION 
Sub-study III approached the connections between parental education and 
health selection from two intertwined perspectives: parental education as a 
moderator of health selection and health problems as mediators of the 
intergenerational transmission of educational attainment. In addition to 
analyzing selection to upper-secondary education, the study was able to 
highlight health-related selection to tertiary education as a separate 
phenomenon. 
Figure 7 shows the basic associations of health problems with secondary 
and tertiary education at age 27, based on fully adjusted linear probability 
models and sibling fixed-effects linear probability models. The group of 
somatic conditions, consisting of ten chronic conditions, showed a consistent 
but relatively weak association with secondary education. In the adjusted 
models, somatic conditions decreased the likelihood of completing a tertiary 
degree (among those with secondary education), but this decrease could not 
be seen in the sibling fixed-effects models. Surprisingly, the associations 
between frequent infections (defined based on antimicrobial drug purchases) 
and educational attainment were slightly stronger in the fixed-effects models 
than in the regular adjusted models. Mental disorders predicted the largest 
decreases in both secondary and tertiary education, but these associations 
were also more sensitive to unobserved confounding. In the adjusted models, 
mental disorders decreased the probability of secondary education by 17.1 
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percentage points and that of tertiary education by 14.7 percentage points. 
Within sibships, the reductions were 11.9 percentage points for secondary 
education and 10.7 percentage points for tertiary education. 
Although the Finnish education system does not contain formal dead-ends, 
continuing to tertiary education is more common among those completing the 
general track in upper-secondary education. To evaluate how much health-
related selection to tertiary education overlaps with selection to different 
tracks in upper-secondary education, sub-study III also estimated the basic 
associations of tertiary education adjusted for track choice (Figure 7). At this 
point, somatic conditions lost their association, but mental disorders were still 
associated with a 6 percentage point reduction in the completion of tertiary 
education within sibships. 
 
Figure 7 The associations between different types of health problems at ages 10–16 and 
secondary/tertiary education at age 27. Adjusted models adjust for all control 
variables; sibling fixed-effects (FE) models adjust for birth year and sex; and sibling 
fixed-effects models with track choice adjust for birth year, sex, and the study track 
of the completed upper-secondary degree. 
The association between mental disorders and secondary education was 
slightly weaker in families with high parental education (Figure 8). However, 
in predicting tertiary education, mental disorders exhibited the largest 
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reductions among the offspring of highly educated parents. No evidence of 
moderation was observed for other types of health problems. 
 
 
Figure 8 The association between mental disorders at ages 10–16 and secondary/tertiary 
education at age 27 by parental education. Adjusted models adjust for all control 
variables, whereas sibling fixed-effects (FE) models adjust for birth year and sex. P-
values testing the equivalence of coefficients: <0.001 (secondary, adjusted), 0.001 
(secondary, FE), <0.001 (tertiary, adjusted), and 0.017 (tertiary, FE). 
To better understand the observation that high parental education augments 
the impact of mental disorders on tertiary education, sub-study III included 
two supplementary analyses focusing on upper-secondary track choice. First, 
the increase in choosing the vocational track in upper-secondary education, 
already observed in sub-study II, was even larger among adolescents with high 
parental education. Second, when selection to tertiary education was assessed 
separately according to both parental education and upper-secondary track 
choice, the original moderation pattern could only be observed among those 
completing the vocational track. In this group, the baseline probabilities of 
completing tertiary education were low enough to prevent a large reduction 




The analysis on the intergenerational transmission of education used g-
computation to decompose the total effect of parental education on offspring 
education into the controlled direct effect (part remaining following a 
hypothetical eradication of somatic conditions, frequent infections, and 
mental disorders) and the portion eliminated (Table 3). The decompositions 
were conducted separately for the completion of secondary and tertiary 
education (the latter among those with completed secondary education), 
adjusting for all control variables. Overall, young people with tertiary parental 
education were 18.6 percentage points more likely to attain secondary 
education by age 27 than young people with basic parental education and 31.0 
percentage points more likely to attain tertiary education. In the case of 
secondary education, the hypothetical eradication of health problems 
eliminated up to 1.9 percentage points (or 10%) of the original association, 
whereas in the case of tertiary education, the original associations became up 
to 0.7 percentage points (or 2%) stronger. 
Table 3. Decomposition of the contribution of adolescent health problems to differences 
in the completion of secondary (N=352,899) and tertiary education (N=318,202) according to 
parental education, with basic education as the reference category 
A) Secondary education 
    
Parental education Total effect Controlled direct effect Portion eliminated 
Basic (ref.)    
Secondary 0.113 (0.107, 0.118) 0.101 (0.094, 0.108) 0.012 (0.007, 0.016) 
Tertiary 0.186 (0.180, 0.192) 0.167 (0.160, 0.174) 0.019 (0.015, 0.024) 
    
B) Tertiary education (among those with completed secondary education) 
    
Parental education Total effect Controlled direct effect Portion eliminated 
Basic (ref.)    
Secondary 0.083 (0.076, 0.089) 0.087 (0.078, 0.095) -0.003 (-0.009, 0.002) 




This dissertation set out to provide a more complete picture of health-related 
selection to education than has been previously available. The idea was to 
expand our current understanding of the association between health problems 
and education in three aspects: the weight of different types of health 
problems, the manifestation of health selection at different levels of education, 
and the connection between social origin and health-related selection to 
education. This section discusses the main results in light of what was 
previously known about these topics and what is warranted by the chosen 
methodology. The section concludes with a brief discussion on the theoretical 
implications of the results. 
 
8.1 MAIN FINDINGS AND THEIR INTERPRETATION 
8.1.1 THE IMPACT OF DIFFERENT TYPES OF HEALTH PROBLEMS 
Previous research on health-related selection to education is dominated by 
indicators of prenatal health (Case and Paxson 2010; Currie et al. 2010), self-
rated health (Jackson 2009; Lê et al. 2013; Lynch and von Hippel 2016), 
proxies of health such as height (Blane et al. 2007; Cernerud 1995), and 
selections of one or a few specific health conditions (Champaloux and Young 
2015; Dahlquist and Källén 2007; Fletcher 2010; Fried et al. 2016). One of the 
central aims of this study was to broaden the scope by simultaneously 
assessing different types of health problems in early adolescence, a period of 
life when individuals are expected to make important educational decisions. 
Specific emphasis was placed on the distinction between somatic conditions 
and mental disorders, which was featured in all three sub-studies. 
Overall, the results unanimously showed that mental disorders pose the 
largest and most persistent educational risk for young people, albeit all sub-
studies displayed a weak association for somatic conditions, robust to 
adjustments. This result is in line with the small number of previous research 
that warrants the comparison of somatic conditions and mental disorders 
(Van Der Heide et al. 2016; Layte and McCrory 2013; De Ridder et al. 2013; 
Uiters et al. 2014). However, the sub-studies of the present thesis were able to 
estimate the basic associations of somatic conditions and mental disorders 
with a much larger sample than has previously been available. Sub-studies II 
and III were even able to use sibling fixed-effects models to adjust for all 
confounding shared within sibships. De Ridder et al. (2013) used the same 
method, but their smaller sample size could explain why they were unable to 
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observe an association between somatic conditions and upper-secondary 
school dropout within sibships. 
Notably, the magnitude of the association between the general group of 
somatic conditions and upper-secondary educational outcomes was quite 
similar regardless of what health conditions were included in the group. The 
main analyses of sub-studies I and II used a very broad definition of somatic 
conditions, but these associations did not markedly differ from the ones 
produced by the sub-group of complex chronic conditions in sub-study II or a 
hand-picked selection of ten chronic conditions in sub-study III. The dataset 
used in the study included few options to evaluate this observation, but it can 
be speculated that increasing severity signals increasing recognition and 
support. As was noted in the background section, children with the most 
severe cases of illness attend hospital schools combining teaching and 
treatment (Sairaalaopetus 2020). 
Besides the straightforward distinction between somatic conditions and 
mental disorders, sub-study I examined the associations between 25 specific 
health conditions and dropout from upper-secondary education. The social 
consequences of asthma, type 1 diabetes, childhood cancer, and inflammatory 
bowel disease have attracted a plethora of previous research (Boman et al. 
2010; Dahlquist and Källén 2007; Fletcher and Richards 2012; Koch et al. 
2004; Kuehni et al. 2012; Lancashire et al. 2010; Mayberry et al. 1992; 
Mazurek et al. 2012; Persson et al. 2013; Ross et al. 1992; Singh et al. 2015), 
but none of these conditions were consistently associated with upper-
secondary dropout status both at age 17 and at age 21 in the present study. 
With regard to asthma and inflammatory bowel disease, the null results are in 
line with earlier research, but in the case of type 1 diabetes, some previous 
studies have reported weak associations with impaired school performance 
and school dropout in Sweden (Dahlquist and Källén 2007; Persson et al. 
2013) and the United States (Fletcher and Richards 2012). As for childhood 
cancer, the observation that those surviving the disease have a heightened risk 
of non-attendance at age 17 but no longer at age 21 can be interpreted as a sign 
of a delayed educational career. In previous research, only leukemia and 
central nervous system tumors have predicted more persistent educational 
problems (Koch et al. 2004; Kuehni et al. 2012; Lancashire et al. 2010). 
The study was also able to shed light on health conditions that have thus 
far received little attention in health selection research. Sub-study I indicated 
epilepsy and congenital heart disease to be strongly associated with dropout 
status even at age 21. Although the potential educational risks related to 
epilepsy have been noted by some authors (Berg et al. 2016), both of these 
health conditions clearly deserve further research. Along the same lines, sub-
study I indicated severe infections and sub-study III frequent infections to 
implicate lower educational attainment in young adulthood. This finding 
seems vulnerable to environmental confounding, but surprisingly, the 
association between frequent infections and education became even stronger 
when it was estimated between biological siblings sharing the familial 
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environment. It would be useful to examine in further research what the role 
of increased school absenteeism is in explaining these associations.  
Sub-studies I and II were able to produce novel evidence on the relative 
significance of different types of adolescent mental disorders. In line with 
previous research, both studies observed externalizing spectrum disorders 
(e.g., ADHD, conduct disorders, and substance abuse) to carry the largest 
educational risks (Breslau et al. 2011; Evensen et al. 2016; Kessler et al. 1995; 
McLeod et al. 2012). However, the results of the present study were in contrast 
with some earlier research implying that the association between internalizing 
spectrum disorders (e.g., depression and anxiety) and educational outcomes 
is fully explained by comorbid externalizing spectrum disorders (Breslau et al. 
2011; Evensen et al. 2016; Fergusson and Woodward 2002); in the analyses of 
sub-study I and sub-study II, the associations of depression and anxiety 
remained strong even after controlling for externalizing. It seems plausible 
that specialist diagnoses (the present study) and symptom questionnaires 
(earlier research) paint a different picture of the independent contribution of 
internalizing and externalizing. 
Almost all previous research revolves around the question of whether 
health problems increase the likelihood—in either absolute or relative terms—
of achieving a lower education. In contrast, very few studies have attempted to 
calculate the contribution of health problems to population-level variation in 
educational attainment. Based on adjusted population-attributable fractions, 
sub-study I estimated that roughly one-fifth of dropout from upper-secondary 
education at age 21 is attributable to early-adolescent health conditions, 
whereas mental disorders alone showed an attributable fraction of 11%. In 
contrast, a previous study from the United States reported that 46% of high-
school noncompletion—a more extreme outcome than in the present study—
was attributable to mental disorders, without controlling for confounders 
(Stoep et al. 2003). These types of calculations are instructive for health and 
education policy because they highlight the matter of perspective: common 
health conditions with moderate “effects” (e.g., depression and anxiety) could 
be important in explaining educational dropout as a population phenomenon, 
whereas rare conditions with strong “effects” (e.g., psychosis, congenital heart 
disease, and epilepsy) rather pose a large individual-level risk. 
8.1.2 THE DIFFERENT STAGES OF SELECTION 
Probably because of the weak availability of datasets combining measures of 
early health with a long follow-up of education, most previous studies focus on 
the timely completion of upper-secondary education (Fried et al. 2016; Van 
Heesch et al. 2012; Van Der Heide et al. 2016; Maslow et al. 2011; De Ridder 
et al. 2012; Stoep et al. 2003). Among the sub-studies of the present 
dissertation, sub-study I continued this tradition by examining dropout from 
upper-secondary education at ages 17 and 21. The aim of these analyses was to 
produce novel evidence on the contribution of different types of health 
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problems (discussed above). However, this dissertation was also able to 
broaden the perspective by examining long-term educational outcomes 
(upper-secondary and tertiary education at age 27), horizontal stratification 
(track choice in upper-secondary education), and the path-dependence of 
educational careers. 
The results of sub-study III implied that health problems not only delay 
educational careers but also leave some persons with a permanently lower 
level of education. The health-related differences in the completion of 
secondary education were still present at age 27; what is more, among those 
completing secondary education, health problems in early adolescence further 
predicted a lower likelihood of attaining a tertiary degree by this age. Few 
earlier investigations have been able to examine postsecondary educational 
outcomes, notwithstanding retrospective studies. 
A previous study from Finland observed early-onset psychiatric disorders 
to predict a lower likelihood of both completing a secondary education and 
completing a tertiary education by age 31 (Isohanni et al. 2001). However, the 
study included only 359 psychiatric cases and defined the early age of onset to 
cover disorders emerging before the age of 22. Other studies have examined 
the likelihood of postsecondary enrollment as predicted by poor self-rated 
health (Haas and Fosse 2008) and psychiatric disorders (Evensen et al. 2016; 
Fletcher 2010; Needham 2009). In contrast to the results of sub-study III, 
some of these investigations report that the association between health 
problems and immediate postsecondary enrollment is either fully or mostly 
explained by the prior completion of secondary education (Fletcher 2010; 
Haas and Fosse 2008). This inconsistency in results suggests that the ultimate 
health-related differences in postsecondary attainment could be larger than 
what is implied by the initial differences in enrollment. 
In addition to assessing whether health problems are associated with 
attaining a lower level of education (vertical stratification), the study also 
examined the health-related selection of individuals into different tracks in 
upper-secondary education (horizontal stratification). These analyses 
demonstrated that early-adolescent health problems are associated with 
completing the vocational track instead of the more academically oriented 
general track. What is more, adolescents with health problems were more 
likely to prefer the vocational track when applying to upper-secondary 
education, which suggests that the result is not explained by a failure to 
complete the general track. Horizontal stratification has received almost no 
attention in the health selection literature, but the idea has been occasionally 
featured in disability studies. In line with the results of sub-study II, 
Chatzitheochari and Platt (2019) reported that adolescents with disabilities 
had lower university expectations than adolescents without disabilities. 
Accordingly, adolescents “labeled” with a learning difficulty were less likely to 
complete college preparatory coursework (Shifrer et al. 2013). 
Altogether the results suggest that adolescents with health problems or 
disabilities anticipate a lower level of education in their educational decisions. 
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This interpretation was further supported by the observation that impaired 
school performance at the end of compulsory schooling explained only about 
one-third of the health-related differences in the non-completion of upper-
secondary education and roughly half of the differences in track choice. With 
regard to non-completion, previous studies have reported slightly larger 
mediation proportions (Jackson 2009; Sagatun et al. 2014). However, these 
studies were based on self-rated health, and it is conceivable that with an 
increasing severity of health problems, the role of negative expectations 
becomes elevated. A previous study on adolescents with severe disabilities 
observed that parents’ educational expectations were especially important 
predictors of high school completion, net of past school performance (Shandra 
and Hogan 2009). At the very least, the results of the present study show that 
a large proportion of the discontinued and less academically oriented 
educational careers of adolescents with health problems is explained by factors 
other than poor school performance. 
Sub-study III demonstrated that the observed health-related differences in 
upper-secondary track choice foreshadow vertical stratification in tertiary 
education. When adjusting for upper-secondary track choice, the group of 
chronic somatic conditions was no longer associated with tertiary education, 
and mental disorders lost almost half of their original association. Thus, even 
in a system without absolute educational dead-ends, the health-related 
differences in early educational outcomes seem rather permanent when 
analyzed in the long-term. Overall, the significance of choosing the vocational 
track is surprisingly large considering that for some persons with physically 
limiting health conditions a non-physical white-collar profession may be the 
only available option (Teachman 2012). At the same time, it is noteworthy that 
early-adolescent mental disorders decrease the likelihood of completing a 
tertiary education by six percentage points even when accounting for all 
selection taking place in upper-secondary education and all factors shared 
within sibships. Early-onset mental disorders are known to be highly 
persistent and recurrent (Patton et al. 2014), which could explain why they 
seem to show such long-lasting effects on educational attainment. 
8.1.3 SOCIAL ORIGIN AND HEALTH-RELATED SELECTION TO 
EDUCATION 
Besides documenting long-term educational outcomes, sub-study III 
examined the overall chain of associations formed by parental education, 
adolescent health problems, and educational attainment. In support of the 
resource mobilization and cumulative disadvantage hypothesis, the analyses 
on moderation by parental education observed that high parental education 
alleviates the impact of mental disorders on secondary education. However, in 
the case of tertiary education, the associations of mental disorders were the 
strongest among adolescents with highly educated parents. 
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Overall, these results fit into the general pattern suggested by earlier 
studies that socially advantaged parents may be able to provide additional 
support for their offspring with health problems at the early stages of 
education (Jackson 2015), but no longer in young adulthood (Evensen et al. 
2016; Flouri 2007; Jackson 2009). Whereas some previous studies on 
moderation use combination indicators of somatic conditions and mental 
disorders (Jackson 2009, 2015), the present study demonstrated that the 
observed pattern of moderation applies only to mental disorders: somatic 
conditions or frequent infections posed a small educational risk regardless of 
parental education. In line with the result regarding stronger associations 
between mental disorders and tertiary education among highly educated 
parents, Flouri (2007) has previously observed that the association between 
early hyperactivity and education is stronger among children with a highly 
educated mother. In the present study, this pattern was explained by the fact 
that adolescents with high parental education showed the largest increases in 
choosing the vocational track in upper-secondary education after experiencing 
health problems. This observation supports the hypothesis that socially 
advantaged adolescents have further to fall in their educational expectations 
and deserves to be examined more thoroughly in future research. 
Sub-study III also tested the hypothesis that early health problems mediate 
the intergenerational transmission of educational attainment. This hypothesis 
was based on the presence of educationally relevant health disparities (low 
parental SEP increasing the incidence of health conditions that have a negative 
impact on education), hypothesized by some authors (Basch 2011; Case and 
Paxson 2006; Palloni 2006). The results implied that a hypothetical 
eradication of early-adolescent health problems would diminish the 
contribution of parental education to offspring secondary education up to 10% 
but increase its contribution to tertiary education up to 2%. These results align 
with earlier studies reporting either small (Sznitman et al. 2017) or null 
(Hoffmann et al. 2018) mediation of intergenerational socioeconomic 
attainment via child or adolescent health problems. 
Compared with previous work, the study was able to include a broader 
range of severe health problems in the analysis and elucidate the associations 
with the moderation analyses reported above. In the case of secondary 
education, the moderation of health selection by parental education amplifies 
mediation, whereas in the case of tertiary education, health problems have a 
leveling impact because the offspring of highly educated parents show a larger 
increase in vocational upper-secondary education. Overall, parental education 
and adolescent health problems are both important predictors of educational 
attainment, but their contributions seem to operate largely independent of 
each other. When interpreting the results on intergenerational transmission, 
it should be noted that the present study captured only a segment of early 
health. An ideal intergenerational study would include a broad range of 
indicators ranging from prenatal health (Carvalho 2012; Härkönen et al. 2012) 
to different aspects of child and adolescent health (Hoffmann et al. 2018; 
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Manor et al. 2003; Sznitman et al. 2017), possibly extending into late 
adolescence and early adulthood. 
8.2 METHODOLOGICAL CONSIDERATIONS 
8.2.1 THE MEASUREMENT OF HEALTH PROBLEMS 
Data on inpatient and outpatient visits and medication reimbursements were 
used to identify the presence of health problems at ages 10–16. All data sources 
included diagnoses issued by medical specialists, which enabled the accurate 
and reliable measurement of different types of health problems. Given the 
predominance of self-reported health measures in previous studies, 
specialized care data is likely to shift the focus to more severe health conditions 
on average and exclude health conditions that are typically addressed by 
general practitioners or are invisible to healthcare providers (e.g., mild forms 
of depression). The focus on more severe health conditions can be considered 
to complement existing literature as long as it is achieved in an unbiased 
manner. 
The sub-studies of the present dissertation were able to adjust for the most 
obvious socioeconomic and regional predictors of treatment seeking. Sub-
studies II and III additionally used sibling fixed-effects models, which had the 
benefit of eradicating many potential sources of bias: biological siblings 
experience a largely similar home environment and usually even go to the 
same school. Moreover, all sub-studies used a seven-year age span to measure 
health conditions, thus rendering both random and systematic variation in the 
detection of health problems smaller than would have assumedly been the case 
in a cross-sectional or retrospective study design. Finally, extensive health 
examinations, conducted in all Finnish schools, and the highly subsidized 
Finnish healthcare system mitigate the role of parents in treatment seeking 
and financing care (Ministry of Social Affairs and Health 2013). This was 
particularly important for the intergenerational analyses of sub-study III that 
relied on the correct estimation of disparities in adolescent health problems 
according to parental education. An older study from Finland did not observe 
differences according to parental education in the propensity of seeking 
treatment for adolescent mental disorders (Sourander et al. 2001). 
Even if the estimates are relatively unbiased in terms of socioeconomic and 
regional factors, some amount of undercoverage seems inevitable when using 
register data. Certain chronic conditions, such as asthma, type 1 diabetes, or 
ADHD, could have been diagnosed before age 10, and thereafter treated with 
medications only. Sub-study III was able to use medication reimbursement 
data to supplement the inpatient and outpatient records, whereas sub-studies 
I and II relied solely on inpatient and outpatient data. In the case of sub-study 
I, this may have resulted in a slight underestimation of the prevalence of health 
problems and, consequently, the population-attributable fractions, assuming 
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that the risk ratios of dropout would have remained the same with the 
inclusion of unobserved cases. 
8.2.2 THE MEASUREMENT OF EDUCATIONAL OUTCOMES 
The register-based follow-up of educational attainment was one of the evident 
strengths of the present dissertation. It enabled the objective identification of 
different levels of education and the analyses of interdependencies between 
different educational outcomes (school performance and track choice; track 
choice and tertiary education). With register data, sub-study III was able to 
examine the intergenerational association between parental education, 
adolescent health problems, and the completion of secondary and tertiary 
education by age 27 without relying on retrospective data or obstructing the 
temporal ordering of variables at any stage. As noted above, few previous 
health selection studies have been able to examine postsecondary educational 
outcomes. 
In sub-study II, roughly 1.2% of the study population was excluded because 
these persons did not have information on grade point average in the data. A 
sensitivity analysis implied that the total effects of health problems on upper-
secondary outcomes were slightly underestimated because of this exclusion 
criterion. Along the same lines, sub-study III raised the concern of whether 
age 27 is high enough to reflect the highest level of education that a person will 
eventually complete. A sensitivity analysis, assuming that enrolled students 
will ultimately attain the degree they are pursuing, showed that the 
associations of health problems and tertiary education would have remained 
similar had these persons completed their studies by age 27. 
In addition to these limitations regarding the measurement of education, it 
is worth noting that some foreign degrees could be missing from the registers 
because it is up to the persons themselves to report them to the register 
authorities (Finnish National Agency for Education 2020a). However, this is 
unlikely to cause any major bias considering that most immigrants and 
emigrants were excluded from the study sample because of the requirement to 
be present both at ages 10–16 and at the age when educational attainment was 
measured. 
8.2.3 THE CAUSALITY AND MECHANISMS OF HEALTH SELECTION 
The background section introduced several theoretical reasons to assume that 
early health problems have a causal effect on educational outcomes. 
Unfortunately, the register-based dataset used in the analyses provided few 
possibilities to examine the foundational-level mechanisms that contribute to 
the associations (e.g., declined future orientation, reduced educational 
expectations, cognitive impairment, and stigmatization). Whereas survey data 
may be a necessity for answering questions about mechanisms, the use of 
register data involved other unique benefits that supported the inference. 
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Importantly, the annual longitudinal measurement made it possible to 
distinguish the temporal ordering of health problems and educational 
outcomes—a necessary but not sufficient condition for estimating causal 
relationships (VanderWeele and Tchetgen Tchetgen 2017). Although the 
analyses did not fully rule out the possibility that early (unobserved) school 
failures might have reinforced the incidence of certain mental disorders, the 
measurement period of health problems nevertheless temporally preceded the 
outcomes of interest. What is more, instead of only measuring the highest 
achieved education, the study was able to track the pathways leading to the 
observed attainment (earlier school performance and track choice). 
Assessing the presence of a causal effect between two variables (even if 
temporally ordered) is always a daunting task, but it is increasingly so when 
the goal is to measure the causal effect of health problems on schooling. First, 
we are limited to observational data because it would be both unfeasible and 
unethical to conduct a randomized experiment where the experimental group 
is either deliberately exposed to a health shock or deprived of an effective 
treatment. Second, it is also notoriously difficult to discover sources of 
exogenous variation in health problems—variation clearly unrelated to the 
outcome—that could be leveraged to identify causal associations with 
observational data. Economists have used changes in schooling laws as 
natural experiments to evaluate the causal effect of increased education on 
health (Kemptner, Jürges, and Reinhold 2011), but even based on their own 
literature review, opportunities seem to be much more limited when studying 
the effect of health on education (Eide and Showalter 2011). While data on 
pandemics and radioactive fallouts have provided effective ways to examine 
the impact of harmful in utero exposures to educational outcomes (Almond 
2006; Almond, Edlund, and Palme 2009), no study reviewed by Eide and 
Showalter (2011) identifies a natural experiment related to childhood chronic 
conditions or mental disorders. 
In line with a minority of previous studies on health-related selection to 
education (Currie et al. 2010; Evensen et al. 2016; Fletcher 2010; Fletcher and 
Wolfe 2008; Haas and Fosse 2008; Jackson 2009; Lê et al. 2013; De Ridder 
et al. 2013; Roos et al. 2013), sub-studies II and III employed sibling fixed-
effects models to advance a step further from regular adjusted estimates. 
These models restrict the estimation to within-sibship variation and by doing 
so automatically eradicate all confounding that is shared by full siblings living 
in the same family, i.e., common environmental conditions and on average 
50% of genetic makeup (Frisell et al. 2012). This can be considered a sizable 
benefit, given that the most obvious confounders of the association between 
adolescent health problems and education are related to family background. 
Compared with previous studies, sub-study II was able to extend the use of 
sibling fixed-effects models to estimate the association between health 
problems and educational attainment, as mediated by impaired school 
performance. Sub-study III used the largest sample of siblings to date to 
estimate the association of health problems with secondary and tertiary 
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education. Even moderation by parental education could be tested reliably, for 
which previous samples may have been too small (Evensen et al. 2016; Jackson 
2009). 
As a downside, sibling fixed-effects models involve several limitations and 
potential biases that restrict their use as an unequivocal trial of causal 
relationships. Most obviously, these models do not adjust for factors that are 
not shared by full siblings, including separate genetic makeup and unique 
environmental exposures. This leaves some room for factors like cognitive and 
noncognitive skills and child-specific parenting practices to potentially 
confound the relationship (see section 2.4.4 for further discussion on 
individual confounders). In fact, because sibling comparison designs rely on a 
preselected sample of sibling pairs that differ in exposure, they are particularly 
susceptible to bias caused by non-shared confounders and the attenuation of 
associations due to measurement error (Frisell et al. 2012). Moreover, the 
estimates produced by sibling models could be further attenuated if health 
problems in one sibling affect the other siblings’ educational outcomes. For 
instance, having a hyperactive or ill-behaving sibling in the family could make 
it difficult for other children to focus on their schoolwork (Sjölander, Frisell, 
et al. 2016). Despite these words of caution, sibling fixed-effects models, 
combined with a large sample size, provide a unique opportunity to test the 
assumption that familial confounding explains a major part of an observed 
association (Frisell 2020). The difference between the adjusted and fixed-
effects estimates was rather small in most scenarios in the present study, 
which increases the credibility of the results. 
Notwithstanding the difficulties of evaluating the causality of health–
schooling relationships, the previous literature includes some promising ways 
forward. Ding et al. (2009) used genetic markers as instrumental variables for 
health problems, showing that both obesity and depression caused a roughly 
one standard deviation reduction in grade point average. The case for ADHD 
was less clear; however, the authors noted the complexity of identifying 
individual genetic markers to separate between comorbid health conditions 
(Ding et al. 2009). Similarly, many studies have used comparisons of 
monozygotic twins to examine the impact of low birthweight on schooling 
(Fletcher 2011; Jelenkovic et al. 2018; Miller et al. 2005). Since differences 
between identical twins cannot be caused by different inheritance, this method 
could also be used to better adjust for genetic confounding when examining 
the effect of child or adolescent health problems on educational outcomes. It 
should be noted, however, that the limitations of sibling fixed-effects models, 
outlined above, mostly apply to comparisons of health-discordant twins as 
well (Frisell et al. 2012; Sjölander, Frisell, et al. 2016). Finally, the children-of-
twins design has proved useful in disentangling the genetic and environmental 
components of the intergenerational transmission of mental disorders 
(McAdams et al. 2014). The method could prove similarly valuable when 
studying the contribution of health problems to the intergenerational 
transmission of SEP. 
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8.2.4 EXTERNAL VALIDITY 
As for the generalizability of results, the first question is whether we can 
generalize the findings to the Finnish population with confidence. The use of 
register data involves many benefits that can be assumed to support this type 
of external validity. Whereas longitudinal survey studies are vulnerable to 
selective attrition (Wolke et al. 2009), the only sources of loss to follow-up that 
this study encountered were caused by deaths and emigration, resulting in the 
exclusion of less than 0.5% of the original population in each sub-study. Along 
the same lines, survey respondents may leave some questions unanswered or 
answer fallaciously due to social desirability or recall bias (Brenner and 
DeLamater 2014), whereas most register data—including data on healthcare 
use and educational attainment—is collected routinely. 
It follows from here that the most important threats to generalizability at 
the national level were likely caused by the decisions that were made to fortify 
internal validity. Most importantly, sub-study II excluded adolescents who did 
not live with at least one parent or guardian at ages 10–14 and sub-study III 
excluded persons who did not live with a least one biological parent at the same 
ages. These exclusions ensure that the measured sociodemographic and -
economic factors reflect the living circumstances of the study population, but 
they preclude the generalization of the results to children living in out-of-home 
care. Likewise, the estimation of sibling fixed-effects models required the 
identification of biological parents, leaving many immigrant children outside 
the sample. It seems plausible that the exclusion of such vulnerable groups of 
children may have rendered the results more conservative. Because sibling 
fixed-effects models require within-family variation in health problems, their 
results cannot be automatically generalized to only children or families with 
all children experiencing health problems. 
The other noteworthy question is whether the results of the present study 
provide useful insights for other countries. When presenting the Finnish 
context, it was argued that the special aspects of the Finnish education system 
(the lack of tuition fees, dead-ends, and early tracking) provide an 
extraordinary setting—a kind of laboratory—for evaluating the basic processes 
of health-related selection to education. At the same time, the specialty of the 
Finnish system may also limit the direct generalizability of the results to 
education systems that are less open. This may not be a huge problem because 
research coming from the United States and the United Kingdom was already 
overrepresented in the field (Hale et al. 2015; Suhrcke and de Paz Nieves 2011). 
Altogether the results from different countries paint a surprisingly similar 
picture of health-related selection, and it seems that the Nordic welfare system 
has not been able to eradicate differences in educational outcomes between 
adolescents with and without health problems. 
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8.3 CONCLUDING REMARKS 
The background section of this summary included an introduction to the 
history of health selection research, which has been driven by a willingness to 
understand the socioeconomic disparities in health. There is a certain irony in 
the fact that the most persistent interest toward the effect of health on SEP has 
been shown by a field of study considering selection a competing and, 
occasionally, even a controversial explanation to its own findings. While 
economists and pediatricians have presented their alternative takes on the 
issue, surprisingly few social scientists have approached the socioeconomic 
consequences of early health problems without (either explicitly or implicitly) 
aiming to explain socioeconomic health disparities in adults. 
Against this backdrop, it seems necessary to acknowledge the conceptual 
and empirical groundwork done in the socioeconomic disparities tradition, 
spanning over a hundred years. Some social epidemiologists may even find the 
results of this study instructive: if the use of specialized care data results in 
stronger health–schooling relationships, it could also increase the relative 
contribution of selection over causation to socioeconomic health disparities 
among adults, compared with self-reports and proxies of health status used in 
most previous studies (Kröger, Pakpahan, and Hoffmann 2015). Nevertheless, 
it is important to notice that the present study did not aim to explain 
socioeconomic disparities in health. In fact, it would be misleading to draw 
strong conclusions about the contribution of selection to disparities because 
none of the sub-studies measured the health status of individuals after 
finishing their educational career. The results show strong health-related 
selection to education with regard to mental disorders and certain types of 
somatic conditions, but, without further data, we cannot know the extent to 
which these health conditions are causally related to those health conditions 
showing socioeconomic health disparities in adults. 
First and foremost, the results of the present study should be of interest to 
researchers involved in explaining and understanding social stratification. The 
results highlight early health as a significant source of variation in educational 
outcomes, largely ignored by previous studies in the sociology of education. 
Given that educational attainment forms the basis of one’s occupational 
prospects and income development (Cairó and Cajner 2018; Psacharopoulos 
and Patrinos 2018), health-related differences in educational outcomes, 
documented by the present study, emerge as potential catalysts for the 
accumulation of socioeconomic adversity over the life course. As noted by 
some authors (Case and Paxson 2006; Palloni 2006), early health could also 
act as a missing link contributing to the intergenerational transmission of 
socioeconomic inequality. Following the perspectives of the cumulative 
inequality theory, the present study hypothesized parental education to 
moderate the impact of health problems and health problems to mediate the 
transmission of educational attainment. The analyses provided only partial 
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support for the hypotheses, but these assumptions deserve to be examined 
further with an even broader age span of measuring health problems. 
Most importantly, the results implied that health-related selection to 
education operates largely independent of family background—at least when 
family background is defined through factors shared by biological siblings. 
This observation highlights a form of early inequality that is not satisfyingly 
represented by the intergenerational perspectives on social stratification 
(Breen and Jonsson 2005) or the modern approach to health disparities 
emphasizing the interplay of causation and selection over the life course 
(Hoffmann et al. 2018). It represents an instance of “bad luck” that is perhaps 
best captured by the concept of health shock, occasionally featured in previous 
literature: not necessarily random with regard to genetic background, but 
random with regard to social origin. 
The idea that involuntary, “ascribed” characteristics, such as gender, 
ethnicity, or parental social class, should not constrain one’s chances of 
pursuing education is central to sociologists studying the equality of 
educational opportunity (Breen and Jonsson 2005). One way to interpret the 
findings of this study would be to include “early health problems” as a new 
item in the list of ascribed characteristics that define the boundaries of equal 
opportunities. The influential contributions of West (1991) in the tradition of 
socioeconomic disparities and Jenkins (1991) in disability studies proposed 
something like this by drawing parallels between health-related differences in 
social outcomes and discrimination due to gender or ethnicity. In fact, these 
authors appeared to consider an interpretation based on discrimination a 
prerequisite for social scientists to be interested in the social consequences of 
health problems: along the same lines as West (1991) promoted a shift away 
from “an asocial genetic model” of selection toward an interpretation based on 
stigma and discrimination, Jenkins (1991) based his argument on the socially 
constructed aspects of disability, emphasizing that not all disability is 
“natural” or “inevitable.” 
These statements should be understood against the contexts in which they 
were originally presented: heated debates on the causes of health disparities 
in the former and the primacy of class-oriented stratification theories in the 
latter. As such, they can be lauded for highlighting the potential of institutions, 
such as schools and workplaces, in shaping the harmful impact of health 
problems. Nevertheless, when the disadvantage that children with health 
problems experience is predefined as socially constructed, there is a risk of 
ignoring the biological basis of health conditions and impairments. To provide 
a stable ground for supporting the educational careers of all children with 
health problems, it should not matter whether the experienced disadvantage 
is ultimately biological or social in origin. In other words, the motives of 
studying health-related selection to education should be separated from the 
empirically testable causes of selection. 
A similar critique has been presented previously in connection to the social 
model of disability, which makes a clear distinction between (biological) 
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impairments and socially constructed disabilities. Although the social model 
has been important in empowering the disability rights movement and shifting 
the fault away from the disabled individuals to society, it risks forgetting the 
real pain involved in many health conditions (Shakespeare and Watson 2001). 
In education policy, there is an equal risk of ignoring meaningful individual 
differences when health selection is conceptualized solely as a manifestation 
of modifiable environmental and institutional barriers and discrimination. If 
the economic system remains otherwise the same, it seems unlikely that any 
amount of “barrier removal” is enough to open equal educational 
opportunities and similar education-related career options for individuals 
undergoing a psychosis or four-limb paralysis (Shakespeare and Watson 2001; 
Terzi 2004). Accordingly, health problems do not compare well with social 
class and ethnicity, which are much more evidently social creations 
(Anastasiou and Kauffman 2013). 
For these reasons, framing health-related selection to education as a 
question of justice may require more than what is provided by the language of 
equal opportunities or discrimination alone. Following Terzi (2005) and 
Vehmas (2010), a fruitful solution could be found in the capability approach, 
which was originally developed by Amartya Sen and Martha Nussbaum 
(Nussbaum 2000; Sen 2009). The capability approach maintains that 
capabilities are the most essential component in evaluating equality. They are 
defined as real freedoms to choose among and achieve valued functionings, 
such as reading, being well nourished and pursuing education (Terzi 2005). 
Thus, the fundamental question for the capability approach is “what people 
are actually able to be and to do” (Nussbaum 2000:40). 
When the disabilities caused by health problems are understood as 
restrictions to valuable functionings, they begin to narrow individual 
capabilities and therefore enter the realm of justice (Terzi 2005). When 
equality is not assessed based on material resources but rather on the capacity 
of a person to utilize available commodities, acknowledging human diversity 
becomes essential in all social arrangements, such as when organizing 
educational institutions (Vehmas 2010). Correspondingly, the false dichotomy 
between the individual and social dimensions disappears with the capability 
approach, and it no longer matters whether the origin of the disadvantage 
caused by health problems is biological or social (Terzi 2005; Vehmas 2010). 
As emphasized by Nussbaum (2000:74), “the ultimate political goal is always 
the promotion of the capabilities of each person.” 
When it comes to supporting the schooling of adolescents with health 
problems, the results of the present study include three useful take-home 
messages. First, mental disorders in early adolescence are clearly the most 
urgent targets for prevention: regardless of family background, they pose the 
greatest educational risk for an individual and also explain a notable part of 
educational dropout at the population level. Even if the observed associations 
are not completely causal, mental disorders identify the share of adolescents 
that are especially likely to encounter problems in their educational career. 
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Second, school performance, as measured by grades, should not be used as the 
sole indicator of how adolescents with health problems fare at school. 
Although the other explanatory mechanisms remain unknown to the present 
study, it seems likely—based on previous evidence—that the negative social 
responses and low expectations of significant others play a salient role. Finally, 
the results demonstrate that adolescents experiencing mental disorders or 
certain somatic conditions have a lower likelihood of attaining a tertiary 
degree even if they manage to attain a secondary degree. However, the 
explanatory power of upper-secondary track choice in these findings 
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